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IlfI'RODUCTION 
Water is life, literally and absolutely. Man connot live with­
out water to drink, nor can the animals or plants that provide his 
food. As astronauts climb into their capsule to begin pioneer journeys 
into space, a water supply is as essential to their success and survival 
as are their intricate instruments which guide their flight through 
space. 
The figures for water demands, even though based on a medium 
range of projections of population and economic growth, are very large. 
Thus. when they are to be met by a relatively oonstant water supply_, 
there appears to be ea.use for considerable alarm. It has been stated 
that the United States is on the verge of water bankruptcy. Although 
having the appearance of a drastic statement, it is clear that a recur­
rence of an extremely dry period, au.oh as occurred in the early 1930's 
would produce very severe water shortages in many areas of the country 
and would make it necessary to curtail nany water uses. We must either 
increase the present useable supply or reduce demands if essential needs 
for water are to be met. No matter which alternative is chosen, effi­
oienoy of use must be increased. 
As in most midwestern states, livestock consumption, huma.n con­
sumption, irrigation. recreation, and wildlife are all in competition 
f.or the available water supplies in South Dakota. It is the purpose of 
this study to develop design criteria for a more efficient system of 
collecting water to assist in satisfying the vast demands of livestock 
consumption. 
This system .consists of a generally impermeable surfaced area 
for collecting the water and an f'fi.oient storage facility. Although 
not new, this so-called ''catchment' or "rain traptt principle is being 
given a "new light" in the range areas. This procedure y be exem­
plified by the method by which people colle-oted precipitation• using 
eaves troughs to drain the rain water iato a cistern. A modern catch­
ment system is shown in Figure I. 
A moisture shortage can be the downfall of any· livestock pro­
ducer. There are roughly 7 28 million ores of rangeland in the oon­
tinental United States with 26.? million acres in South Dakota (18). 
Most of this area is avail.able for domestic livestock grazing• but a 
large portion does not have an adequate w: ter supply. In wat r devel ... 
opment planning, proper distribution o·f stoekwater in relation to the 
available forage must be considered in a livestock enterprise because 
a good supply of palatable forage may not be efficiently utilized if 
the conoentration of the water supply is in another area. 
At present, stockwater supplies may be obtained from nany 
sources and by many means. There are 1 however, only a few major 
sources. These are primarily [ 1] flowing surface water such as streams 
or springs, [ 2 J wells, [3] stock dams, [ 4] dugouts. Perennial streams 
or springs make the provision of adequate water a relatively minor pro­
blem. Welle have the limiting factor of cost and in some case , water 
quality and quantity. Stock dams and dugouts my not be economically 
feasible 1n low rainfall areas , in sandy locations with little or no 
runoff, o.r where the soil is too porous to prevent seepage losses. 
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Recently, it has been r lized that improved facilities for proper 
atockwa.ter distribution are needed in humid climates swell as in arid 
or semi-arid regions. 
Average auual precipitation in the rangelaad areas of South 
Dakota amounts to about 84 gallo� per square yard or about 33.4 mil­
lioa acre feet per year. Less than 10 percent of this rainfall appears 
a.a streamflow and the remainder is r,etained as soil and surface storage 
essentially where it falls. Part of ·the retau,ed precipitation is 
transpired by useful vegetation or by relatively non-beneficial vege­
tat:lon. This results in very little runofr wh:ich could provid·e stock­
water in a dam, dugout, or stream. Figures obt ined frQIII the South 
Dakota Agricultural Conservation Committee indicate that despite this 
fact, 3210 dams, pit.a or dugouts to improve· grassland management were 
constructed in South Dakota in 1964 under the ACJ> Program and 2900 1n 
1965• Thia brings the total number of these structures receiving ACP 
payments to 122,198 since the initiation ot the program in 1936. 
Even with the large number of' these structures completed, water 
distribution is still inadequate and many of the good construction sites 
have already been utilized. Therefore. the catchment system bas a sig­
nificant place in bringing about improve-d uses 0£ our resources. In­
creased financial s1,1.coeas m.y result where conditions do aot presently 
lend themselves to comon methods of water collection. Likewise, if 
catchments are constructed where insufficient information on design is 
available, the result nay be impractical and unsuoceasful-... the result 
being financial loss. 
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THE ROLE OF CATCHMENTS IN WATER CONSERVATION 
Water harvesting, a source of water supply which was known to 
our ancestors, but which we as a nation in an era of advanced technology 
seem to have forgotten, appears tc;:, be increasing in importance. · 
iater harvesting can be traced in history nearly to the begin­
ning of civilization. Ancient civilizations in the Negev Desert of 
Israel depended upon water harvesting for survival (30). They hand­
packed and smoothed the soil to increase runoff and constructed ditches 
to collect and convey it to the lower lying fields where they irrigated 
their crops. Thus, the amount of land a farmer could cultivate was 
primarily determined by the area of rain-collecting surface he owned. 
A similar procedure is thought to have been used at times by Moses as 
he led the people of Israel across the desert of Egypt. On Gibralter, 
the primary water supply is obtained from runoff from specially con­
structed areas of corrugated metal roofing, bare roek and concrete (28) . 
Concrete aprons are used to collect water in areas such as the Bahama 
Islands, where extremely porous soils are encountered which result in 
low runoff despite relatively high precipitation. 
One of the first catchments for livestock water was located 
near Ruidoso in southern New Mexic,o (16) . The structure consisted of 
a low roof from which water drained into a concrete cistern. The cis­
tern was largely underground and was covered to exclude rodents and 
debris. A watering trough nearby was equipped with a float valve and 
filled by gravity from the cistern. This structure ma.de it possible to 
graze an area that previously could be utilized only during the summer 
rainy season. 
Several catchments have been constructed in forested areas of 
Arizona (16). One, constructed in 1935, consists of a galvanized roof 
which drains the �ater into a 70,000 gallon steel tank underneath the 
roof. In 1953, another was constructed by clearing the ground of all 
vegetation and covering it with l/4 ineh asphalt sheets after smoothing 
and firming. The 0 trapped" water runs into a 12,000 gallon dirt stor-
ge tank and a .5,000 gallon circular cistern. 
Work is presently limited to the development o,f small runoff 
areas for stookwater and not to the treatment of large areas, but it is 
forseeable that the c tchment idea ma.y be used to develop additional 
municipal• industrial, and agricultural water supplies. 
The eatohme-nt bas several advanta.ges as a means of water col­
leotion for livestock watering. Th se ar a · 
1. Systems may be constructed t the exact location where the 
water is needed to give good distribution of grazing. This 
eliminates topography as the primary factor in determining 
the location of the water supply. Stock dams reqttire a 
location which provides a \tlatershed of sufficient size to 
furnish the necessary volume of water, ae well as requiring 
a construction site permitting the desired depth and quan­
tity of storage to be obtained with a justifiable struetu,re 
size. Topography also limits dugout sites and stream loca­
tion. Although water from wells may be piped to almost any 
location, for various reasons well eonstruetion is 
prohibitive in some areas. 
2. Efficient means of collecting water. In many are s where 
annual precipitation is low, the situation is further com­
plieated by having much of the rain coming in the form of 
small show re. Dama, dugouts and streams collect pr cti­
eally no water from these small showers bee use most of 
the rain infiltrates into the ground, resulting in little 
or no runoff. Since the amount of forage in pastures is 
somewhat governed by the amount of rainfall• as rainfall 
increases, forage increases, which in turn decreases the 
volume of runoff. It may also be noted that the rancher 
would like to. have more animals during periods of good 
forage production but is faced with a water supply com­
parable to that of dry periods. · Assuming that the area is 
surf oed in some way to insure impermeability, even small 
rain showers produce appreciable quantities of water from 
catchment. 
? 
,3. Reduction of evaporation losses. Assuming that the catch­
ment employs some type of covered container for water stor­
age within the system, the large water surface enoountered 
in other systems is el�minated. However, ev poration 
losses may result if the catchment surface is hot when the 
rainfall occurs. 
4. U>ng life. The only limiting factor fo·r the life o·f the 
catchment under normal conditions is the construction 
material, while the useful life of dams and dugouts is 
often reduced to as much as one.half of the period speci­
fied during design as a result. of sediment and erosion 
prob.lems. 
5. No legal complications. The catchment system may be con­
structed wherever it is needed without consideration of 
backing water onto, another's property or damming a stream 
which is nee.ded as a w ter supply downstream .. 
The disadvantages of the catchment system a.rec 
s· 
1. High initial cost. This is true at the present time but 
may decrease in the future with the development of new con­
struction materials and ethods. Wells, too, have a high 
initial cost £or drilling as well as piping costs and the 
danger of a "dry hole" in well ·boring is not encountered 
with the catchment. 
Although dams and dugouts may not have as high initial 
cost, it may take more than one such structure to ade­
quately supply an area where one properly located catchment 
would suffice. Authorities 1n range management agree that 
a cow should not have to walk more than a mile for water. 
2. Yearly maintenance. Depending on the materials used, the 
catchment will require a varying amount of tim and labor 
to keep it in operation. If the construction material is 
subject to cracking or frost heaving, damaged areas must 
be repaired, so the efficiency of oollection will not be 
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impaired. Iii some cases plant growth my occur through the 
covering material and mu.st be removed. Wil.d. an:Ltaals1 such 
aa deer, may cause some damage to certain materials. For­
eign material deposited 111 the catchment area llUSt be· 
removed to allow complete freedom for the tt trapped'1 water 
to now into the storage area. 
3lf Accurate design criteria may be developed only from an 
individual. a.nal.7sis of ea.oh particular situation. :Rain .• 
fall 1s not entirely predictable, but design criteria may 
be developed from pa.st records, based on the assumption 
tllat the future will be similar to the past. Although the 
reliability of this assumption is not known at the present 
time • little else is available.., Because precipitation pat­
terns 't1S1Y vary from one area to· the next, even though they 
rray not be too far apart , the catc'bment design should be 
based Ol'J. the precipitation for the particular area 1n ques­
tion. 
An indication that the advantages or the catchment system 
exceed the disadvantages is the increasing number of requ sts for in­
formation concerning catchment design and construction received by the 
Soil Conservation Service and -other service agencies. At the present 
time, limited information is avail.able on economical catchment mate- . 
rials ,, but research ia being conducted on this phase in other stat·es. 
Design criteria are presently based upon general estimates and averages 
cf the precipitation which will be received in a certain area and not 
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upon statistically determined amounts. 
If catchments a.re to play a significant role 1n the future as 
a source of water for livestock and possibly be expanded into the area 
of human needs , we must have extensive and accurate information. on the 
precipitation which may be expected in any specific area tor any par­
ticular period. If this is kn-own,. the exact amount of water available 
for collection may be computed--thus , an adequate system may be 
designed. 
OBJECTIVES- AND SCOPE 
Catchment reas are increasing in demand in many areas as a 
partial solution to t he water problem for livestock consumption. 
Before actual systems can be installed which are dependable and eco­
nomical, information pertaining to t he preeipit•tion pa.tte,nu; must b 
nade available 1 since rainfall is the main source of water for this 
system. 
The objectives of thi.e research investigation are : 
A. To compute the 8o percent probability water· accumulation 
for any two-week period throughout the grazing season • .  
B. To determin.e the · maximum number of animals which can ade­
quately be maintained per unit of catchment area. for any 
particu1ar grazing season. 
c. To determine the storage volume per unit catchment area 
necessary to provide an adequate water supply for 8o 
percent of any one eeaaon. 
ll 
D. To determine t he necessary storage volume per unit catch­
ment area to provide a dependable water supply eight years 
out of ten. 
The main demand for information pertaining to the catchment 
system appears to be fr:om. cattlemen. Although the abov-e criteria may 
be adapted to other uses , this project will be oriented to rd the 
range country of South Dakota and will be eonee-rned with beef cattle. 
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METHODS OF SOLUTION 
Runoff area and storage volume are the two criteria necessary 
for design of the catchment system. Both of these are directly related 
to the amount and seasonal distribution of the precipitation received 
in any ,P:lrticular area. It is known t hat average precipitation is in­
adequate for design purposes. Therefore, a statistical ethod of pre­
cipitation analysis must be decided upon as a basis for this investi­
gation. A method must also be known by which the necessary storage 
volumes may be determined. Following is a discussion of the possible 
methods of statistical analysis and a method of storage determination. 
Seleo�ion of Mathematical Functions 
Stated in its most concrete form, the object of statistical 
methods is the reduction of data (in this case, ;precipitation data). 
A large quantity of data, which usu.ally by its mere bulk is incapable 
of entering the mind, i� to be replaced by relatively few quantities 
whic::h shall adequately represent the whole, or which in other words, 
shall contain as much as possible, ideally the whole of the relevant 
information contained in the original data. 
In order to accomplish this objective ., a hypothetical infinite 
population is constructed, of which the actual precipitation data my 
be regarded as constituting a random sample. The la� which governs 
the distribution of this hypothetical population is specified by a rel­
tively few i:arameters which describe the distribution completely in 
respect of all qualities under discussion. Therefore, any information 
given by the sample, which may be used 1n estimating the values of 
13 
these parameters can be considered valuable to the analysis. 
According to the ranges and frequency properties of observed 
data , the theoretioal functions of best fit to the frequency distribu­
tions of annual precipitations should have in gener l, the following 
oharaeteristics (26 ) : 
1. Continuous func.tions defined for all finite values of ob­
served variables ; 
2. Lower tail bounded w1 th zero or some other low value, 
lower boundary ; · 
3. Upper tail unbounded , i.e. • upper limit tends to plus in­
finity ; 
4. Maximum point for some finite value of variable , X ;  hence ,  
t.be first derivative of the fUnetion with respect to vari­
able should equal zero, d [ f(X)] /dX i.:: O ;  
5. The curve should be tangent to the axis of variable , X ;  
therefore ; when f(X )  :: 0 ,  d [ f(X) ] /dX = O ;  
6. Basic shape of the bell-two-te.il&d curve • with large vari­
ety .of skewness ,  including symmet.rieal • the,n slightly to 
extremely asymmetrieal or skewed bell shapes ; 
7. Number of parameters which describe the functions should 
be limited t-0 the possibility or their estimation from the 
observed data ; two to three parameters should be the best­
solution considering both data available and better de­
scription of functions. 
With the previously listed criteria and conditions in mind, the 
functions which could beat satisfy the requirements of the observed 
1 8 7 4 9 1  
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hydrologie data are either the general probability density function or 
particular functions , some of which are derived from previous ones. 
The general class of distribution functions , originally studied 
by Karl Pearson (13) 1'J'JAY be represented by the differential equation 
(25) ,, 
d f(X) f(X)  (X + Xm) 
-w-
= ct,CXl (1. )  
where f(X) is the probability density function, ♦CX) is a function of 
the independent variable X, and Xm is the distance from the origin to 
the mode. If 4,(X) is expanded 1n power series form, the general equa .... 
tion can be rewritten as, 
d f(X) ax • f(X) (X + Xm) c
0 
+ o1x + Cz'-
2 + 
(2. ) 
• • •  
in which c0, c1 , c 2, • • •  are constants whose values determine the shape 
of the ourve. Equation (2. ) may be rewritten as , 
which is the differential equation of probability density functions 
for various values of Xm• c0, c1• and c 2• For the particular case 
where o
1 
= c
2
::: o.  integrati.on of equation (3. ) results in the normal 
J)robability density function which was originally proposed by De  Moivre 
(13) studied by Laplace and Gauss (to hom the credit is given) (14) , 
and put into table form by Sheppard (36). The normal density function 
has the classical form (15) , 
. - ----
f(X )  = _l_ e 
o- {2i  
2 cr2 
involving f(X) - the frequency function, 
-oo = X = +oo 
x1 - the variable representing annual observed data, 
JJ. - the parameter - population mean, 
er - the parameter - population standard deviation• 
ff = 3. 14159 the familiar numerical constant, 
e = 2.71828 the naperian logarithmic constant, 
i = l ,  2, • • •  n the number referring to the i-th 
sample member under consideration, 
n - the sample size or the total number of annual 
observed data f.or each station separately. 
1.5 
(4. )  
This function is synmietrical with respect to mean and ranges from minus 
to plus infinity. The ordinates and the area under the curve for dif­
ferent values of the bacissa. are tabulated in numerous places. Thus, 
it is very convenient to use this function in any statistical analysis 
of data-. 
In order to make use of the relative simplicity of the normal 
density function, the log-normal function ( 1) was developed as an ex­
tension of the normal function. It has often been found that ·many ob. 
served data follow the normal law if the logarithms are used instead of 
the actual values themselves. . This function is asymmet,rical or skewed, 
ranging from zero to plus infinity. It can be described with two, 
three, or even four parameters. Four parameters are very rarely used, 
because of the difficulty and inaccuracy of their estimation. partic­
ularly in the ca e of eydrologic data. 
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Another family of functions which bas very convenient prop­
erties for application to hydrologic data is the Gamma function. It is 
an asymmetrical £unction with great variety of ekewnese , depending upon 
actual values of parameters, ranging from zero or some low value up to 
plus infinity. It can be def'ined with two or three parameters. The 
latter one is often called the Pearson Type III function. 
Markovic ( 26) selects the following functions as being appli­
cable with respect to the criteria required and the convenience for 
use in mass computation : 
1. Normal density funetion ; 
2. Log-normal with two parameters; 
3. :Wg-normal with three parameters ; 
4. Gamma function with two parameters; and 
5. Gamma function with three parameters. 
Other simplified techniques for .fitting frequency distributions 
to hydrologic data are the modified log-normal distribution and the 
extreme value distribution ( 27).  These meth,ods are not as well adapted 
to  mass computations. 
The five functions listed above will be treated in general 
terms. With a more detailed explanation of the Gamma functions with 
two par eters because this method was chosen as the basis for t his 
investigation. 
l. The normal density function , or Gaussian probability 
function is described by equation ( 4. ) This function represents a 
family of different symmetrical frequency curves , each of them being 
well defined for every pair of values of paramete.rs Jl and o- .  The 
possible range of this function is fro minus to plus infinity even 
though the observed data can physically go only from zero up to some 
undefined positive value as the upper limit. 
2. Log-normal densitz function wt.th two parameters (l , 25)  is 
defined as ; 
� (ln X )  _l e 
�21t 0-2 
2 
(ln X .... ln .P- ) 
2 cr2 
and the probability density funetion may be written as 
2 (ln X - 1n p) 
17 
f(X) � 
l 
e 
X �-2-1t -cr-2 
2 0-2 (6. ) 
where 1n X ... the natural logarithm of random variable X ,  
1n p - the parameter , popu:tation mean of the natural loga­
rithms of X ' s  or natural logarithm of the geometric 
mean , 
o- - the parameter • populatioo standard deviation of the 
1n X values. 
The other symbols used here were explained in equation (4. ).  Equatio_n 
(6. ) represents a family of the asymmetrical frequency curves . com­
pletely defined by the two pa.rameters , 1n )1 and o- .  Compared to equa­
tion ( 4. ) ,  it should be noted that the range of the random variable X 
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in normal distribution ia from minus to plus infinity , while the 
corresponding range o:f' X in log-normal distribution is from zero to 
plus infinity. The change in the lower limit ises from the fact that 
the logarithm of zero is minus infinity and the point minus infinity is 
thus , by the transfo·rmation , moved up to zero •. 
3. Log-normal density functions with three .erameters (25) may 
be written in the form 
and the log-normal probability density function can be written as 
(8. ) 
involving f(X - x0 ) - the frequency function , 
1n (X - x
0
) - the natural logarithm of the rando-m variable 
X - x
0
, 
1n }1 - the parameter , population mean of natural 
logarithms of X - x
0
, or the natural log­
arithm of the geometric mean , 
er - the parameter , population standard deviatio.n 
of the 1n (X - x
0
) values , 
x0 - the parameter , lower boundary of the random 
variable X. 
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Equation ( 8. )  represents also a family of asymmetrical fre­
quency ourves, completely c har cterized by three parameters,, ln u, er, 
and x
0
• The range of the random variable X, in this case, is from x
0 
up to plus infinity. 
4. Gamma density function with two E:?:rameters ( 26) is given by 
X 
f(X ) :; l 1a. - l 8- if 
13
°' 
l(a.) 
where cri > 0 - the shape para.meter 1 
f3 ) 0 - the scale parameter, and 
fc'a.) - the gamma function of a. 
Equation (9. ) represents a family of asymmetrical frequency 
curves defined by the two parameters a. and '3. It is skewed to the 
right for all values of the parameters a. and 13, but as a. increases, the 
skewness becomes less pronounced. The range of the random variable X 
is from zero to plus infinity. 
In all cases, the curve pproaches the X-axis asymptotically 
for the large values of X,. For O < a. < 1 the curve is tangent to the 
vertical axis at the origin and for a. >. l it is tangent to the X-axis at 
the origin. These two cases could be expected as most frequent in the 
pplic tion of the Gamma probability density function to the distribu­
tion of hydrologic data. 
5. Gamma density function with three parameters or Pearson 
Type III function (25) is defined as 
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( 10 . ) 
where x
O 
is the lower boundary. The other symbols have been explained 
in the previous function. 
Everything found for the Gamma function with two parameters is 
valid for this one,  the only difference being that this function is 
described with three parameters a, 13 ,  and x
O
• Thus . the range is not 
from zero to plus infinity . but from the lower limit x
O 
to plus infin­
ity. 
The values for the parameters of any statistical distribution 
may only be estimated. In estimating the values of the parameters of 
the parent population from a random sample of observations , some gen­
eral properties of estimations are desirable. Good estimation in the 
long run .  having a high probability of success {9 , 1? )  should be { 26 ) : 
1. Consistent, meaning that the probability that the absolute 
value of the deviation of ·estimator e from parameter e is 
less than any small quantity E ,  tends to unity as sample 
size n tends to infinity , i. e .  p e r e - e l < t )  -+ l as r 
2. Unbiased , the expected value of estimator equal to value of 
parameter E( e )  = O ; biasedneas being defined as [E( 0 )  - e] ; 
3 . Efficient, among the class of consistent estimators, there 
will be one or more with minimum variance ;  
4.  Minimum variance estimator, if ao other estimator of e has 
smaller variance than e for any sample size ; 
5. Minimum variance unbiased -estimator . if among all unbiased 
estimators , none has smaller variance than e. 
There are several different methods commonly used for estima­
tion of function pai,:-ameters. the basic t>nes ar-e discussed here , in 
order to select one which is best adapted to this study. 
1. Graph:l.ca1 . Method • very often applied .in hydrology. is quite 
simple and practical as a preliminacy' to a more detailed 
analysis. As common procedure ,  observations are arranged 
in an array, plo-tted (usually on log-probability paper• 
Hazen paper or other similar paper) and then a straight 
line fitted. From it cbarateristic values of vari bles are 
obtained , and by formula the parameters computed. 
2. Method of -Moments , a purely numerical method which is prac­
tical for a large volume of eompu.tationis. By using the 
moments either about the origin or about the mean, because 
they are related , the estimators can be evaluated , The 
total number of parameters which should be estimated deter­
minates the order of moments vbieh has to be computed. As 
a numerical method , it bas some advantages compared to the 
graphical method. However ,  it is not a very effici.ent 
method and its efficiency falls rapidly as sample variance 
increases. This method is most efficient when the density 
function is relatively close to the normal form (13). 
3. Maximum Likelihood Method , originally developed by R. A. 
Fisher and is based upon the likelihood function ( 9 , 15 ) .  
If  the distribution function of  a. random variable X, . c·on­
taining an unknown parameter a ,  is denoted by f(X ;  ), 
the likelihood function L of a random sample (� , x2, 
• •  Xn ) of independent observations , is then defined as s 
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L(Xl , x2
, . .. 1n ; e ) = f(Xl ; e ) 
f(X2 ; 6 ) •• • 
f(Xn ; 6 ) = JI f(XH 6)  ( 11.) 
1=1 
According to the maximum likelihood method, the estimate of e 
which is chosen is the value which maximizes the likelihood funotion 
for the given values of x
1
, x
2
, - - •1n• In maximizing L, it is more 
convenient to maximize its logarithm , since the 1n L is a maximum for 
the same value of e as L itself ( 26 ) . Hence·, 
(12. ) 
This function oan be maximized by setting the first derivative of 1n L 
with respect to 6 equal to zero , and solving the resulting equation 
for e :  
a ( ln  L) aa 
a L 1n [f(X1 ; e )J 
i=l = -------- = 0 a e  (13. ) 
This yields a single equation for the solution of e in terms of X ' s . 
If more than one parameter is to be estimated, one can differentiate 
with respect to each parameter partially, creating simultaneous equa­
tions in the unknown parameters when each partial derivative is set 
equal to zero. 
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Maximum likelihood estimators are consistent and efficient 
under gener l conditions. This me'thod is convenient for mass computa­
tions , since it is completely numerical and applicable to all selected 
functions. 
4. Method of Least Squares , is a method of chosing those 
values of estimators which will minimize the sum of squares 
of the deviations between the observed. values and the pre­
dictions. The acceptability of this method d pends upon 
the properties of its estimators. 
There are two other methods which are sometimes used for the 
estimation of parameters. These are the methods of quartiles and the 
minimum Chi-square estimator. The method of quartiles i.s similar to 
the graphical method in that the data mu.st be arrayed. The Chi-square 
estimator is similar to the maximum likelihood method except in compu­
tation, where the maximum likelihood method is much more convenient. 
According to desirable properties of estimations,, the applica­
bility of the method to the selected functions and the computational 
convenience , the maximum likelihood method is chosen as being most 
suit ble for the estimation of par meters in this investigation. 
Using equations (9. ) and (11. ) ,  the maximum likelihood equa .. 
tion for the Gamma density function with two parameters is derived as 
1 n 
� �
n n - jr L. Xi 
L = 
l IT Xi a. - l e i:::l 
a fYa.) i=l 
or in logarithmic form 
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(14. ) 
· n n 
ln L = -na. 1n 13 -n 1n l(a.) + (a. - 1)  � 1n X1 - ½ � Xi ( 15. )  
i=l i=l 
Differentiating partially with respect to parameters « and � .  equation 
(15. )  gives maximum likelihood differential equations 
3 ( ln L) 1n u 
a [ln (Iti)J . � 1n X a :;: -n /J -n a + L- . i a. a. 1=1 
Setting equations (16. )  and (17. )  equal to zero and solving for 
parameters a. and �, it follows 
1n � + 
0 [lp [fa.)] = .!_ t_ ln Xi oa. n i=l 
Equation (18.) is implicit in a.,  and 
n "' 1 1 """"  l ­f3 = - -- c_ Xi = - X 
a. n i l  . ""' :::; G
( 16. ) . 
(l?. )  
(18. ) 
( 19 . )  
where p is the maximum likelihood estimator of the scale parameter. 
Substituting the natural logarithm of equation (19. )  into equation 
(18. ) gives 
1n a. -
0 [1n [fa.}] = 1n X - .!. t_ 1n X1 
a. n . 1 l.= 
(20. )  
The part of the equation o [ln fTa.)] /oa. is called a digamma 
function and may be set equal to 1Ca)  and solved by a simplified tech­
nique .  Norlund (34 )  shows that 
(21. ) 
is an asymptotic expansion in whioh B1 are the Bernoulli numbers, 
B
1 
= 1/6, B
2 
= l/30, etc., and Rn is the remainder .after n terms. For 
n = 1 in equation (21. ) 
�(a.) == 
1
n a. - ¾ - 12:2 (22. ) 
Substituting equation ( 22. ) into equation (20. ), quad� tic equation 
is obtained. 
12 1n - � X1 - - L ln X1 El · - 6a. - l :: 0  [
l n l n ] 2  
n i=l n i=l 
whose only pertinent root is (33)  
� 
1 n 1 +. _ _ l + 4/3(ln 
X - - L 1n Xi ) n i=l « = ---�----------
4(ln X - !. � ln Xi) 
n i==l 
(23. )  
(24. } 
The error in a resulting from using only one term of equation (21. ) is 
not readily expressed in mathematical form. Hence , equation (24. ) 
should be corrected as follows : the correction factor 6a which talces 
care of the error, should be subtracted from the estimator obtained 
from this equation. Then equation (24. ) becomes ; 
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l ) 1 + 4/3(ln X - 1, t_ In X1 ) 
� n i=l « = ----------------
1 n 
( 25. ) 
4( 1n X - - L 1n Xj.) n 
. 1 l.= 
which is the maximum likelihood estimator of the shape parameter. The 
values of M are available in table form (34) .  
The parameters for the Gamma density function with two param­
eters are determined by evaluating equations ( 19. ) and ( 25. }.  
Any of the five methods given here may be used for the analysis 
of precipitation data. The Gamma distribution with two parameters 1 
however , is especially adapted to precipi.tation analysis in that the 
skewed distribution curve formed , closely approximates the actual 
distribution of precipitation data. To correspond with the notation 
used by the North Central Regional Technical_ Committee on Weather 
Information for Agriculture , the a. term found here will be changed to 
gamma and be denoted by (g)  for the remainder of this thesis. 
Maas Flow DiaSf!:! 
Collection of surface water riay be accomplished in lakes ,  
rivers, dams, or reservoirs. The method moat analogous to this partic ... 
u1ar stua, is the tmp.,undiag reservoir. Ml uap()uading reservoir accu­
mul..ates water in a 'basin during periods of high flew rates of the im­
pounded str,eam for use when the rate of stream flow is less than the 
rate of demand for water. 
The capacity of an impounding reservoir necessary to supply the 
demand can be determined by the study of mass curves or mass diagram of 
the demand and nm.off for the years of minimum flow ( 12 ,24 .39).  Study­
ing years of low flow would determine the stora,ge req'tlired in the most 
critical ease. 
The mass diagram and the oaleulat1ons required tor its plottirlg 
serve as a basis for the estimation of storage when records covering a 
reasonable length of time are available. Observations of gross yield 
made for a given period (day ,  week, month) are corrected for certain 
losses to obtain the net yield for the period. The expected losses 
will include items such aa i 
l. Evaporation losses from t he additional water surface pro­
duced by the reservoir. 
2. Seepage and leakage through and around the impounding 
structure • 
.:;. Water required to  be fUrniahed to  individuals who hold 
rights to the water prior to the time that 1t reaches the 
impounding area. 
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The mass curve of inflow is plotted with calendar time s 
absciss s and aacumulated volume of yield as ordinates. It is usually 
more convenient to plot volumes of yield in terms of a volume per unit 
are of the watershed , using such units of volume as gallons , cubic 
feet , and acre feet . Allowances must be mad for evaporation from the 
surface of the reservoir by first making an estimate from the topo­
graphic map of the additional water surface produced by the form!ltion 
o,f the reservoir and then estimating the evaporation volume which is 
subtracted from the observed runoff data. 
After the mass curve of inflo is plotted (Figure II) , the 
straight line AB connecting the end points of the mass curve represents 
the average inflow over the period involved. It also represents the 
maximum rate at which the water may be used and is. oft.en called the use 
line or demand line� The use line may be drawn for other periods by 
draving a straight line from zero accumulation at the beginning of the 
period to a point on the curve at the end of the period (Line HI). The 
required capacity of the reservoir is found by drawing the straight 
line A 'B '  parallel to the demand line and tangent to the mass curve at 
a summit (Point G ) .  The greatest ordinate (CE) between the tangent and 
the curve shows the amount of storage that would have been required 
during the given period to maintain the assumed rate of  demand. The 
length of the horizontal line between the point of tangency and the 
intersection of the tangent with the curve indicates the length of time 
that the water level in the reservoir would be below the high-water 
line . If the precipitation for a seeond year is aecumulated and 
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Figure II. Mass Flow Diagram 
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plotted beginning at point B ,  and the line A • B '  extended until it 
intersects the curve, the point of intersection will again be point G. 
This indicates that the storage area will be to ca.paaity at point G and 
will be at some level below that until point G is reached again. When 
the slope of the mass curve itself is less than t.he slope of the tan­
gent . the use rate is greater than the supply, and the reservoir is 
being depleted (Point A to Point C ). When the slope of the ourve is 
greater than the slope of the tangent • the use rate is les·s than the 
supply, and the reservoir is · tilling (Point- G t-o Po-int G ) .  l,ea (22) 
reports that 1 1 the mass ourve itself serves as a :picture of the storage 
possibilities of the stream. but an analysis of the computations from 
which it is plotted will give the in.formation more accurately than it 
can be sealed from the curve0 • The degree of accuracy of the resu1ts 
is dependent on the accuracy and extent of the available informaU.on. 
In hydrologie data, the shorter the time period covered by reeorded 
observations , the grea.t·er· the probability of error. Considerable dis­
crepancy is found in the results indicated �y mass curves plotted from 
average monthly flows and average daily flows. Since a great deal of 
labor is involved in the plotting of a mass curve from daily averages, 
it is usually suffieient to plot monthly averages and then add approx­
imately 15 percent to the storage requirements to correct for errors. 
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D SIGN CRITERIA 
Besides precipitation • runoff area and storage volume computa­
tions also depend on the daily water consumption per animal and the 
efficiency of the materials from which the runoff area is constructed. 
The information already available on precipitation patterns must also 
be considered. Following is a summary of the information available on 
these subjects. 
Daily 'iater Consum:ption 
Several variables are involved in the determination of an 
average figure for daily water consumption., According to Winchester · 
and Morris (38 ) , water intake of  beef cattle is a function of dry 
matter consumption and ambient temperature .  When water intake per unit 
of dry matter versus ambient temperature was plotted , curves were 
formed that remained horizontal between 10°F. and 40°F. , then rose with 
rising temperature at an �ccelerating rate to 100°F. Leitch and 
Thompson ( 23 )  reported studies indicating that water consumption v ries 
with the ration but bas a range of values from seven to ten gallons per 
day. They therefore concluded that such estimates could not be made 
satisfactorily ( temperature was not considered as a faetor ) . Ritzman 
and Benedict (31) state that "the water intake shows an exceedingly 
close relationship to the amount of dry matter ingested" . The ratio of 
water to dry matter was essentially the same (3.0  - 3 •. 4 pounds/pound of 
dry matter ) for all feed levels (nutritive ratio varied from l s 9.7 to 
1 : 3. 5) with da.ily consumption between 8 and 11 gallons per day. 
According to Stoddard and Smith ( 33 ) ,  water consumption may vary as 
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much as 2.6 gallons per day in winter to 11.5  gallons per day in 
summer. E. B. Stanley (32) considered temperature . evaporation , and 
rainfall as factors which determine daily consumption. In a three and 
one-half year study., Stanley found that water consumption of cattle is 
directly proportional to the air temperature and evaporation and 
inversely proportional to the rainfall for short periods. The average 
amount take.n each day - was 6. 3 gallons , ranging from a minimum of 2.6 
gallons in winter to 11. 5 gallons in summer , with the highest consump­
tion of eight to eleven gallons per day d.ail.y during the months of June 
and July. Bekker (8 ) in his study on seasonal changes in water con­
sumption reported a maximum of six gallons per head daily during the 
summer and a minimum intake in the cold months of 4.5 gallons. 
According to Collier (11 } in his work with dairy cows , the addition of  
succulent feed to  the ration ca.used a corresponding reduction in the 
amount of water ta.ken by such amount as the feed contained. Atkeson 
and arren (6) showed that the total mount of water consumed ( free 
water plus feed water ) was practically the same with or without succu ... 
lent feed. However ,  Stanley ( 32 )  concluded from his study that air 
temperature and evaporation minimize the effect of suceulent feed on 
water intake . Woelffer ( 4o )  concluded that dairy cattle will consume 
from 100 pounds (12 l/2 gallons ) to 125 pe.unds (15 gallons } of water 
per day but will drink less if the diet consists of green grass. From 
laboratory study, Winchester and Morris (38)  reported that a 900 -
1100 pound cow nursing a calf may consume from 11. 4  gallons per day at 
40°F. to 16. 2  gallons per day at 90°F .  This is equivalent t o  0 .37 
33 
· llons of water per pound of  dry matter at 4o°F. to 0 .88 gallons of 
w t  r per pound of dry matter at 90 F.  tanley ( 32 ) ,  however , con-
clud d that if the cow and calf are treat .... d as one animal unit , the 
average daily consumption on n animal unit basis did not materially 
decrease following removal of the calves. A feed-lot study by Butcher , 
Harris , and Raleigh ( 10)  i_ridicated that 920 pou..11d st�ers on ration of 
chopped lfalfa bay needed eight gallons of water per day. These 
results were qu lified with statements to· the effect that this would 
not neoessarily hold true for range or pasture conditions. The commit­
tee on Agricultural Water Storage and Use of  the Soil and Water Divi­
sion of the American Society of Agricultural Engineers (5) published . 
guide lines for farm reservoirs which recommend that 12 gallons of 
water per day be allowed p r  beef animal. Specifications of the Soil 
Conservation Service (2)  require a minimum of 10 gallons of water per 
an1 l unit per day. 
It oan be noted ·that large variation occurs in the values 
given for daily water consumption for cattle . However , the results of 
this study may be adapted to any partieu_lar value tha.t may be decided 
upon. 
Material Efficiencies and Precipitation Patterns 
Low-cost catchment aprons are necessary but are not sufficient 
to solve the water problem without low-cost and efficient storage 
methods. Nothing can be accomplished if the collected water is sub­
sequently lost through seepage and evapor tion. 
Principal investigators in the area of construetion materials 
for catchments have be n Lloyd t eyers , Director , u. s. iater Conser­
vation Laboratory , bWCRD , .ARS , USDA , Tempe . Arizona and c .  E. 
Lauritzen . Southwest Branch • SWCRD , ARS . USDA , u,gan , Utah. 
Several treatments and materials have been investigated as 
:possibilities for catchment construction. Among these are ; land 
smoothing (21 ) , concrete ( 29 ) , soil cement ( 28 ) , asphaltic concrete 
( 29 ) , corrugated and galvanized sheet metal ( 19 ) , vinyl plastic (20) , 
polyethylene (3 ) , cationic asphalt. emulsions ( :;o), and butyl rubber 
(20} .  
Closely tied with the catchment i e  the storage facility. In 
the light of evaporation reduction , enclosed tanks or reservoirs appear 
to be a necessity. Concrete cisterns have been constructed up to 
30 ,000 gallons capacity and have proved to be satisfactory a1though 
quite eostly. Butyl bags of material similar to that used fer the 
catchment appear to be adequate for water storage. Bags of this type 
are available in several sizes . 
Limited information has been reported on the actual water 
catching efficiencie.s of the various materials. 
In Arizona (29 ) ,  land smoothing with no additional treatment 
produced runo.ff equal to 10 percent of the available rainfall from a 
50 x 50 foot square plot with about a 5 percent slope. Meyers ( 29) 
reports that runoff from field plots treated with asphalt emulsions 
varied from 30 to 99 percent depending on the amount and intensity of 
the storms. Average catch has been 65 percent. All other treatments 
(shed roofing, polyethylene , rubber, aluminum) produced e,asentially 
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100 percent runoff from all storms and often more water was caught than 
an adjacent recording raingage indicated was available. ( '!his oould 
have been a result of errors in the ra.inga:ge measurements. ) The 
Agricultural Research Service concluded from an installation in Texas 
that almost 100 percent of the rain that fell in a 2-week period was 
recorded as runoff (3 ). 
Precipitation patterns are known to vary from one particular 
area to another•· Research has mainly been directed toward the con-­
struation materials , although the precipitation phase is required. 
Meyers (30) reports that the determination of necessary storage volume 
will depend upon the anticipated qua.nitative distribution of precip­
itation in time. Determination of precipitation pattern.a will be a 
difficult problem since the long-term precipitation dat required for 
probability analysis are net available in many areas. Wiersma (37 )  
states 0the efficient design o f  these installations requires a thorough 
knowledge of precipit ti.on for the area. There is a need to know not 
only the total amount of rainfall but also the probability of obtaining 
specified quantities of precipitation at specified intervals and times 
during the year. "  Meyers also concludes that standtard raingages are 
inaccurate in the presence of wind. Fortunately, there is good reason 
to believe that existing raingage data represents the minimum precip­
itation quantity available for collection. 
In summary it can be said that to determine the size of the 
runoff area and the storage volume , we must know the amount and 
seasonal distribution of precipitation which can be expected for any 
particular area. Consideration must lso be given to daily water con­
sumption per animal and to the efficiency of the water colleoting 
surface. 
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PROCEDU 
For the analysis of precipitation data. to develop design 
criteria for runoff area and storage volume requirements, twelve 
stations (based upon representative location and number of years of 
record) in the range area of South Dakota were selected for study. The 
stations studied are listed here with their years of climatological 
record. 
The 
1. Academy 1917-1963 
2. Camp Crook 1914-1963 
3. Cottonwood 1924-1963 
4. Custer 1926-1963 
5. Dupree 192 2  ... 1963 
6. Faulkton 1915-196:; 
7. Highmore 1914-1963 
8. Kennebec 1907 .. 1963 
9. Lemmon 1917-1963 
10. Mobridge 1927-1963 
11. Newell 1908�1963 
12. Oelrichs 1900-1963 
location of each of these stations is shown in Figure III. 
The following assumptions were made for this studJ". 
1. The daily water consumption per animal is 10 gallons. This 
"'as based on the facts found in the literature in which a 
value of 10 gallons fell within .most of the ranges given 
by previous investigations. Ten gallons per day is also 
• Camp Crook 
• 
Newell 
e 
Custer 
• 
Oelrichs 
• 
Lemmon 
• 
Dupree 
• 
· cottonwood 
SOUTH DAKOTA 
• 
Faulkton 
• 
Highmore 
• 
Kennebec 
• Academy 
Figure III. Weather Station L:>cations \>I 00 
39 
used by most field person el. 
2. The efficiency of th catchment area is 100 percent. Based 
on limited information, the 100 pereent figure was used• 
Should other work be done which would give reason to alter 
this assumption,  it would 'be a simple mtter to compensate 
for any variation which might be found .• 
3. The storage efficiency is also 100 percent. With the 
increasing need for efficient use of water, it is the 
author' s opinion that covered storage facilities are a 
necessity unless evaporation control from open water 
surfaces becomes more effeot1ve. 
4. 'l'he basis 0£ all calculations is a unit catchment rea of 
l,OCX> square feet. Therefore, the term.a nvolume1t and 
''storagett when used  in this thesis will mean volume or 
storage per 1 ,.000 square feet .. 
The Gamma distribution with two parameters was ohoeea as the 
method of probability a.n.alysis for this particular study. This method 
is especially adapted to precipitatioa analysis in that a skewed 
distribution cu.rve is formed whose shape depends on the value of the 
�- and beta parameters. It has been f ouad that this procedure is, 
particularly adapted for use with high speed oofllPUters. Thia method 
as adopted by the North Central Regional (NCR) Technical Committee on 
Weather Information for Agriculture for i .ts studies. William Lytle• a 
NCR committee member from South Dakota State University, has written a 
program for the IBM 1620 computer for US•e in these research projects. 
4o 
The •ss diagram approa,cb to storage design has been modified 
to fit this particular oaee. Instead of st.reamnow. precipita.tion is 
used aa a basis for the 0mass curve of inflow'• . The l'lllJdJlwn use rate 
based on the maxiJawll number of animals per unit area is used in this 
study. The efficien.c,- of the catchment area· is analogous to the wat _r 
required by upstream uses in the oaae of streamtlow. .Se. pag.e losses 
around a dam or other impoW'lding structure tor etrearnflow are exem. 
pllfied by the .storage efficiency in this study, With e:rrors arising 
between monthly and daily plots of the acC'tlllJW.l.atioa ·curve, a plot based 
on 2-week periods was used. The author is of the opinion that tbia 
length of time is more accurat than a monthly pericd t>-ut yet does not 
require the extra work involved in the use of daily information. 
Date selection is based on the climatological. year which is 
from March l to February 28. April 5 was chosen as the starting date 
for this study because it is approximately the begi,urtng of the assumed 
gazing season and is the beginning of a 2-week period within the· 
climatological 7ear. 
Precipitation data from punched cards of daily weather infor .... 
mation obtained from the u .. s. Weather Btlrea.u was totaled into 2-week 
periods on the IBM 1440 computer. There are l? periods within. the span 
of the grazing season. (The oomplete list of periods with eorres:,end­
ing dates is given 1a Table 1. )  The printed ·output from the IBM 1440 
was then punched on oarde in proper form to be l.lSed as, the input for 
program #1. 
On the daily weather cards obtain.ed :tr.m the u. s. Weather 
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Bureau, the symbol for no precipitation is a minus sign in column 23 
nd the symbol for trace precipitation is a minus sign in column 26. 
The Fortran II language used with the IBM 1620 computer is incapable of 
reading both of these sym'bc,le. Therefore, the IBM 1440 computer had to 
be used to sum the daily weather cards. Knowledge ,of the SPS language 
would have permitted use of the 1620 computer • . 
Program #1 accumulates the precipitation fer ea.eh c onsecutive 
period and adds it to the total of all preceding periods. 'l'he precip­
itation accumulation for each period is then converted to volwne 
( gallons) per unit area (1000 square feet h at the same time, the 
difference in accumulated volume between the period in consideration 
and the precee-ding period is computed and punched on the same card. 
This difference is the slope of the volume accumulation line between 
the two periods when plotted graphically. Each year is aceumulated 
separately ;  thus , one cycle ef the program is run f.or each year of 
record. 
The output from program #1 is sorted by dates so that the end 
produ.at is 17 date groups consisting of one card for ea.oh year of 
record. These groups are separated by a blank card with a number 1 
punched in column 80 and entered as input to  program #2. The l punch 
in column 80 marks the end of a period and signals the machine to •egin 
calculation of the para.meters for that particular period. 
Program #2, the Gamma distribution is a modification of the 
original program written f'or North Central Regional Weather Information 
for . Agriculture studies. It involves the solution of 
l J l + 4/:5Cln if - ¼ i_ ln X1) 
� i ·=l 
. ,,. ci _....., ____________ _ _ o n 
4(1n X - 1 � 1n X1)  
rt i=l 
as an estimate of the gamma parameter. The value of the t.erm 1n X in 
equation (25. ) is the logarithm of the mean precipitation value. The 
logarithms of the precipitation for each 2-week period are totaled and 
divided by the number of cards in the period. This operation results 
in the term !. � 1n x. Using the computed values and solving equati·on n 
( 23. ) by the quadratic formula, an estimate of the p.mma parameter is 
found. The beta para.meter is computed by dividing the average precip­
itation (X) by the gamma parameter. Entering Thom• s nomograpb (see  
Appendix D)  with the value of gamma and the desired probability level, 
the minimum rainfall which eeU.ld be expected during ea.eh period is 
oonaputed and then converted t·o volume per unit area_. The output of 
program #3 consists of one_ card for each  of the 17 periods during the 
grazing season ; which gives the values of beta, gamma .  average precip• 
itation accumulation,  expected precipitation accumulation, and expected 
volume accumulation per unit are.a. The computed values for each of the 
stations selected are found in the results of this thesis., 
The precipitation level whieh was chosen as the mass curve of 
inflow is the 8o percent probability accumulation. (The 6o percent, 
?O percent, and 90 percent levels were also computed for the Cottonwood 
station. ) This is the 80 peroent probability a.c.cumu.lation between the 
beginning of the assumed grazing season on April 5 and any date up to 
the end of the grazing season on November 29 .. This is not the sacne as 
taking the 80 percent probability for each 2-week period and ccumu­
lating these values. If storage is determined from the 8o percent 
probability accumulation curve, this will provide a dependable w ter 
supply 8o percent of any grazing season and could mean the n.ee<I for a 
supplemental water supply 20  percent of every year. 
The storage volumes necessary to provide available water 80 
percent of a:ny one grazing sea.son were computed by program 13. 'l'he 
maximum grazing season is from April .5 to  November 29. However, it is 
possible that some ranges or pastures may be used over a shorter period 
and may start at a date  other than April 5. With this in mind, all 
combinations of grazing seasons of three or more months 1n length were 
considered. This gives a possibility of 7 8  combinations. 
The 17 oa.rd output from program #2 was read into the maohin.e 
and the use rate for any particular season was computed by di .,iding the 
accumulated volume at the end of the season in question by the number 
o ·f 2-week periods comprising that season. The required volume at any 
time during the season is the use rate multiplied by the number of' 
2-week periods elapsed since t he season began. This would be the same 
as Q-onstructing a straight line from the zero precipitation accumu­
lation point on the date the grazing season begins to the accumulation 
line •t the grazing season • s end. The storage is represented by the 
maximum distance between the required volume line and the ccumulated 
volume curve. It should be not ed for a long grazing season which 
starts early in the year 1 that the volu·me required by the livestock 
ma1 . exeeed the accumulated runoff volume up to the point where the two 
lines would graphic lly intersect and then the reverse would be trQe. 
In this oase, the total storage is the sum of the absolute value of the 
storage volume before the intersection point and the a�solute value of 
the storage volume a.ft er that point. This oondi tion is considered in 
program #3. 
The nwnber of  animals per unit eatohment area is calculated by 
multiplying 14 days per period times the assumed 10 gallons per day 
water oon.sumption and dividing the produot ihto the total runoff volwne 
aceumulated a.t the end of the grazing season. This · value was punched 
on the same output card as the 8o percent storage 1falu.e . 
A graphical solution for the determination of the system size 
needed for an 8o percent water supply is included in Appendix D of 
this thesis. 
To extend the probab:l.li ties into eight years out o.f ten • each 
individual ye r must be analyzed. Only :,ears which had an accumulated 
volume at the end of the-· sea.son greater than the required volume ( the 
point on the 8o percent aecumulation curve) were considered. The rest 
of the years did not have enough rain and would not have been able to 
furnish the water required • regard.less of the stora.ge available. To 
have a water supply eight out of ten years , the storage must be avail­
able to meet the demands of the driest year that falls above the 8o 
percent line. In this case , the driest year was defined as the year 
which had the largest number ot consecutive 2-week periods d1:1ring which 
the slope of the accumulation line was lase than the slope of the use 
line. With this definition in mind, each year which qualifies by 
having an accumulated runoff volume greater than th.e required volume is 
analyzed in program #4. 
The output of program #l which was sorted into 17 groups of 
like dates for use in program #2 is re-sorted into its original for.m 
for use as the input to program #4. 
Proceeding from the beginning of any grazing season. the 
accumulated volume is determined for each period by subtracting the 
volume at the .start or the period from the volume at the end of the 
period. The figure obtained is the slope of the aecumulati-on line. 
For any partieul.ar year with the same number of consecutive dry periods 
occurring two or more times• the interval whioh would require the 
greatest storage volume was used. For years with equal dry intervals, 
the year requiring the largest volume of storage was used., The storage 
for a dependable water supply eight years out of ten was punched on 
the output card from program #3. The complete set of data is given 
in the results of this report. 
If all yea.rs of record for any particular station are plotted 
graphically , . ( for Bo percent probability) 8o percent of the years will 
fall above the a.eeumulation line and 20 pereent will fall below. Thie 
gives the eight out of ten year basis for storage. Figure VI is suc h  
a plot with only three years being ua•ed as examples. The year 1931 
falls below the line while 1917 and 192'7 fall above the aceumulation 
line. The dryest year above the line is 1917 which would require 3, q00 
gallons of storage per 1,000 square feet of oatohmeat area to supply 
water eight years out of ten. 
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RESULTS 
Table 1. Two-week P.eriods Chosen Within The Grazing Seaao.n 
Period 
l 
2 
3 
4 
5 
6 
7 
8 
9 
J.D 
ll 
l2 
13 
14 
15 
16 
17 
Date 
April 5 - April 18 
April 19 - May 2 
May 3 ... May 16 
May 17 .... May 30 
May 31 - June 13 
June 14 ... June 27 
June 28 - July ll 
July 12 - July 25 
July 26 .... August 8 
August 9 - August 22 
Augusi 23 - September 5 
September 6 • September 19 
September 20 � October 3 
October 4 • October 17 
October 18 - October Jl 
November l - November 14 
November 15 - November 29 
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Code 
Letter 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
Data Represented 
Period ( corresponding to dates given in Table l. ) 
Beta parameter 
Gamma parameter 
Average precipitation accumulation 
Minimum expected pre·cipitation accumulation based on 80 
percent probability unless otherwise indicated in station 
title 
Minimum expeeted volume accumulation based on E 
Grazing period 
48 
Gallons of storage per 1000 square feet of ea.tehment required 
for a dependable .water supply 8o pereeat of any year unless 
otherwise indioated in the station title 
Gallons of storage requ.ired per 1000 square feet of catchment 
for a dependable water supply eight years out of ten unless 
otherwise indicated in the station title 
Number of animals which could be adequately maintained per 
1000 square feet of catchment 
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T AB L E  2 .  A C A D EM Y  - P R EC I P I T A T I ON ( 8 0 P C T  P ROBAB I L I T Y )  
A B C D E F 
1 1 . 1 a  . 8 8 1 . 0 5  . 1 7 1 1 1 . 1 5 
2 1 . 1 1  1 . 9 5  2 . 1 7  . 4 6 2 9 1 . 66 
3 1 .  1 5  2 . 94 3 . 40 1 . 6 8 1 0 5 2 . 9 5  
4 1 . 5 0  3 . 2 9 4 . 9 5  2 . 7 5  1 7 1 4 . 69 
5 1 . 2 7 5 . 5 3 7 . 0 3 4 . 4 7  2 7 9 1 . 49 
6 1 . 2 0  7 . 1 9 8 . 6 9 5 . 9 0 3 6 7 8 . 8 7  
7 1 . 1 5  8 . 6 9 1 0 . 0 0 7 . 1 1  44 3 3 . 0 9 
8 1 • 1 5  9 . 3 7 1 0 . 8 2  7 . 7 9  48 5 8 . 6 5 
9 1 . 1 0  1 1 . 0 0  1 2 . 1 7  9 . 0 1  5 6 2 0 . 0 0 
1 0  1 . 0 7  1 2 . 4 3 1 3 . 4 0 1 0 . 0 7  6 2 8 1 . 6 9 
1 1  1 . 0 6  1 3 . 2 8 1 4 . 1 1  1 0 . 7 5  6 7 0 2 . 2 6 
1 2  1 . 0 5 1 4 . 1 3  1 4 . 9 7  1 1 . 5 3 7 1 9 0 . 9 4 
1 3  1 . 0 4  1 4 . 9 2  1 5 . 5 5  1 2 . 0 7  7 5 2 4 . 9 2  
1 4  1 • 1 1  1 4 . 5 1  1 6 . 1 7  1 2 . 5 0 7 7 9 5 . 5 7 
1 5  1 . 0 7 1 5 . 49 1 6 . 7 0  1 3 . 0 1 8 1 1 0 . 3 3 
1 6  1 . 0 7 1 5 . 9 8 1 7 . 1 3  1 3 . 3 8  8 3 4 2 . 0 8 
1 7  1 . 0 9 1 5 . 9 6 1 7 . 4 4 1 3 . 6 3 8 5 0 1 . 2 6 
T A B L E  3 .  A C A D EMY  - S T OR A G E  ( 8 0 P E R C E N T  P RO BA B I L I T Y ) 
G 
A P R I L  5 T O  J U N E 2 7  
A P R I L  5 T O  J U L Y  1 1  
A P R I L 5 T O  JUL Y 2 5  
A PR I L  5 T O  AUGU S T  8 
A P R I L  5 T O  A U G U S T  2 2  
A PR I L  5 T O  S E P T E MB E R  5 
A P R I L 5 T O  S E P T EM B E R  1 9  
A P R I L 5 T O  OC T O B E R  3 
A PR I L 5 T O  OC T O B E R  1 7  
A P R I L  5 T O  OC TO B E R  3 1  
A PR I L  5 T O  NOVEM B E R  1 4  
A P R I L 5 T O  NOV E M B E R  2 9  
A P R I L  1 9  T O  J U L Y  1 1  
A PR I L  1 9  T O  J U L Y 2 5  
A PR I L  1 9  T O  AUGUS T 8 
A PR I L  1 9  T O  A U G U S T  2 2  
A P R I L 1 9  T O  S E P T EMB E R  5 
A PR I L 1 9  T O  S E P T EM B E R  1 9  
A P R I L 1 9  T O  OC TOBE R 3 
A P R I L  1 9  T O  O C T OB E R  1 7  
A P R I L 1 9  T O  OC TOB E R  3 1  
A PR I L  1 9  T O  N O V E MB E R  1 4  
A P R I L  1 9  T O  N OV E MB E R  2 9  
MA Y 3 T O  J UL Y  2 5  
M A Y  3 T O  A U GU S T  8 
MA Y 3 T O A U GU S T  2 2  
M A Y  3 T O  S EP T E MB E R  5 
MA Y 3 T O  S EP T EM B E R  1 9  
MA Y 3 T O  OC T OB E R  3 
M A Y  3 T O  O C T O B E R  1 7  
MA Y 3 T O  O C T O B E R  3 1  
M A Y  3 T O  NOV E M BE R 1 4  
M A Y  3 T O  N O V EM B E R  2 9  
M A Y  1 7  T O  A UGUS T 8 
M A Y  1 7  T O  A UG U S T  2 2  
MA Y 1 7  T O  S EP T EMBE R  5 
M A Y  1 7  T O  S E P T E M B E R  1 9  
MA Y 1 7  T O  OC T O B E R  3 
MA Y 1 7  T O  OC T O B E R  1 7  
H 
9 34 . 6 
9 74 . 9 
1 1 04 . 7 
1 0 1 9 . 2 
1 0 0 0 . 5 
1 1 1 5 . 6 
1 1 9 6 . 0  
1 3 5 9 . 3 
1 5 3 5 . 4 
1 6 64 . 5 
1 8 1 8 . 9 
1 9 8 9 . 4  
5 0 1 . 8  
6 7 0 . 9  
6 2 8 . 9  
6 5 1 . 6  
7 9 0 . 3 
8 72 . 8  
1 0 0 6 . 0  
1 1 9 2 . 7 
1 3 5 9 . 5 
1 5 6 8 . l 
1 79 1 . 3  
1 0 5 2 . 9  
1 0 52 . 9  
1 0 5 2 . 9  
1 0 5 2 . 9  
1 0 5 2 . 9  
1 o s 2· . 9 
1 1 8 4 . 9 
1 3 1 3 . 7  
1 5 1 4 . 7 
1 74 7 . 6  
1 7 1 4 . 6 
1 7 1 4 . 6 
1 7 1 4 . 6 
1 7 1 4 . 6 
1 7 1 4 . 6 
1 7 1 4 . 6 
I 
1 49 2 . 6  
1 5 7 3 . 2  
1 4 6 9 . 3  
1 5 3 7 . 8  
1 6 5 2 . 4  
1 9 3 0 . 7  
2 04 3 . 3  
2 4 99 . 7  
2 9 0 2 . 5  
3 2 6 4 . 2  
3 5 6 1 . 9  
3 3 8 1 . 4 
1 6 1 1 . 9 
1 47 7 . 6  
1 5 8 2 . 0  
1 9 3 1 . 6  
2 2 3 5 . 3  
2 3 7 0 . 2  
2 8 3 7 . 4  
3 2 4 5 . l 
3 6 1 1 . 8  
3 9 0 9 . 5  
3 7 2 5 . 2  
4 2 4 7 . 7  
42 0 6 . 2  
2 2 8 0 . 6  
2 6 0 7 . 7  
2 76 2 . 4  
3 2 3 6 . 4  
3 6 44 . 9  
4 0 1 2 . 8  
4 3 0 6 . 7  
4 1 1 4 . 9  
5 0 0 9 . l  
2 7 2 9 . 3 
3 0 7 3 . 1 
3 2 4 1 . 8  
3 7 1 5 . 3  
4 1 1 7 . 4  
J 
4 . 3 7 
4 . 5 2 
4 . 3 3 
4 . 4 6  
4 . 4 8  
4 . 3 5  
4 . 2 8 
4 . 1 3 
3 . 9 7  
3 . 8 6 
3 . 7 2 
3 . 5 7 
5 e 2 7 ·  
4 . 9 5 
s . 0 1  
4 . 9 8  
4 e 7 8 
4 . 6 6 
4 . 4 7  
4 . 2 8  
4 . 1 3 
3 . 9 7  
3 • 7 9  
5 . 7 8 
5 . 7 3 
5 . 6 0  
5 . 3 1  
5 . 1 3  
4 . 8 8 
4 e 64 
4 . 4 5  
4 . 2 5 
4 e 04 
6 . 69 
6 . 4 0  
5 . 9 8  
5 .  7 0  
5 . 3 7  
5 e 0 6  
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T A B L E  3 .  ( CON T I N U E D > 
G H I j 
M A Y  1 7  T O  OC T O B E R  3 1  1 7 2 9 . 6 44 8 0 . 7 4 . 8 2 
M A Y  1 7  T O  NOV E M B E R  1 4  1 8 6 6 . 2 4 7 6 5 . 1 4 e 5 8 
MA Y 1 7  T O  NOV EM B E R  2 9  2 0 3 1 . 0  4 5 6 0 . 2 4 . 3 3  
M A Y  3 1  T O  AUG U S T  2 2  2 7 9 1 . 4  3 5 7 0 . 4  7 . 4 7 
M A Y  3 1  T O S E P T E MB E R  5 2 7 9 1 . 4  3 6 7 1 . 5  6 . 8 3 
M A Y  3 1  T O  S E P T E M B E R 1 9  2 7 9 1 . 4  3 8 4 1 . 1 6 . 4 2 
MA Y 3 1  T O  OC T O B E R  3 2 7 9 1 . 4  4 3 0 0 . 6 5 . 9 7 
M A Y  3 1  T O  OC T O B E R  1 7  2 7 9 1 . 4 46 8 4 . :3 5 . 5 6 
MA Y 3 1  T O  OC T O B E R 3 1  2 79 1 . 4  5 0 3 3 . 7 5 . 2 6 
MA Y 3 1  T O  NOV E M B E R  1 4  2 7 9 1 . 4 5 2 9 9 . 9  4 . 9 6 
MA Y 3 1  T O  NOV E M B E R  2 9  2 7 9 1 . 4 5 0 7 4 . o 4 e 6 7 
J U N E  1 4  T O  S E P T E MBE R 5 3 6 7 8 . 8 446 9 . 4'  7 . 9 7 
J UN E  1 4  T O  S E P T EMB E R  1 9  3 6 7 8 . 8 46 1 1 . 5  7 . 3 3 
J U N E  1 4  T O  OC T O B E R  3 3 6 7 8 . 8 5 0 3 2 . 2 6 . 7 1  
J U N E 1 4  T O  OC T O B E R 1 7  3 6 7 8 . 8 5 3 7 7 . 2 6 . 1 8 
J U N E  1 4  T O  OC T O B E R  3 1  3 6 7 8 . 8 5 6 9 7 . 3 5 . 7 9 
J U N E  1 4  T O  NOV E MB E R  1 4  3 6 7 8 . 8 5 9 1 1 . 8  5 . 4 1  
J U N E  1 4  T O  NOV EMB E R  2 9  3 6 7 8 . 8 5 6 7 3 . 4  5 . Q 6 
J U N E  2 8  T O  SE P T E MB E R  1 9  4 4 3 3 . 0 5 6 3 8 . 8  8 . 5 6 
J UN E  2 8  T O  OC T O B E R  3 4 4 3 3 . 0 5 9 7 2 . 8  7 . 6 7 
J U N E  2 8  T O  OC T O B E R  1 7  4 4 3 3 . 0 6 2 4 3 . 4 6 . 96 
J UN E  2 8  T O  OC T OB E R  3 1  4 4 3 3 . 0 6 5 0 8 . 3 6 . 4 3 
J U N E  2 8  T O  NO V E M B E R  1 4  4 4 3 3 . 0  6 6 9 0 . 2  5 . 9 5 
J U N E  2 8  T O  NOV E M B E R  2 9  4 4 3 3 . 0 6 3 8 1 . 9  5 . 5 2 
J UL Y  1 2  T O  OC T O B E R  3 4 8 5 8 . 6 6 2 8 4 . 4  8 . 9 5 
J UL Y  1 2  T O  O C T O B E R  1 7  4 8 5 8 . 6 6 5 5 5 . J. 7 . 9 5  
J UL Y  1 2  T O OC T O B E R  3 1  4 8 5 8 . 6 6 8 2 0 . 0 1 . 2 4 
J U L Y  1 2  T O  NOV E MB E R  1 4  4 8 5 8 . 6 7 00 1 . 9  6 . 6 2 
J UL Y  1 2  T O  NO V E M B E R 2 9  4 8 5 8 . 6  6 69 3 . 6 6 e 0 7  
J UL Y  2 6  T O  OC T O B E R  1 7 5 6 2 0 . 0 6 7 7 3 . 2  9 . 2 8 
J UL Y  2 6  T O  OC T O B E R  3 1  5 6 2 0 . 0 7 0 3 8 . l a . 2 1  
J UL Y  2 6  T O  NO V E M B E R 1 4  5 6 2 0 . 0 1 2 2 0 . 0  7 . 44 
J UL Y  2 6  T O  N O V E MB E R  2 9  5 6 2 0 . 0  6 9 1 1 . 7  6 e 7 4 
A U GU S T  9 T O  OC T OB E R  3 1  6 2 8 1 . 6 7 2 5 6 . :0 9 . 6 5  
A UG U S T  9 T O  N O V E MB E R  1 4  6 2 8 1 . 6 7 4 3 8 . 2  8 . 5 1  
A UG U S T  9 T O  NOVEMB E R  2 9  6 2 8 1 . 6 7 1 2 9 . 9  7 . 5 9 
A U GU S T  2 3  T O  NOV E MB E R  1 4  6 7 0 2 . 2 8 0 1 1 . 7  9 . 9 3 
A UG U S T  2 3  T O  NOV E M B E R  2 9  6 7 0 2 . 2 8 0 5 2 . 4  8 . 6 7  
S E P T E M B ER 6 T O  N O V E M B E R  2 9  7 1 9 0 . 9 8 1 2 7 . 2  1 0 . 1 2  
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T A B L E 4 .  C A MP C ROOK - P R E C I P I T A T I ON ( 8 0 P C T  P ROBA B I L I T Y )  
A B C D E F 
1 . 9 9 1 . 1 6 1 . 1 5 . 2 1 1 7 3 . 1 9 
2 1 . 0 8 1 . 8 2 1 . 9 7  . 7 4 4 6 5 . 3 0 
3 5 . 5 1  . 3 7 2 . o s  . 7 7 4 8 1 . 6 1  
4 1 . 3 5 2 . 3 2 3 . 1 3  1 . 4 3 8 9 2 . 5 0 
5 . 9 7  4 . 84 4 . 7 2 2 . 8 9 1 8 0 3 . 2 8 
6 . 9 5  6 . 2 1 5 . 9 3 3 e 9 8 2 48 3 • 4 8  
7 1 . 0 2 6 . 6 4 6 . 8 2 4 . 5 2  2 8 2 3 • 1 9  
8 1 . 1 1  6 . 8 3 7 . 6 5 5 . 1 0 3 1 8 0 • 5 4  
9 1 • 1 8  1 . 2 1  8 . 5 1  5 . 7 7 3 5 9 8 . 2 8  
1 0 1 . 2 8 1 . 1 1  9 . 1 3  6 . 1 6  3 8 3 9 . 9 7 
1 1  1 . 3 0 7 . 3 4 9 . 6 1 6 . 5 7 4 0 9 7 . 48 
1 2  1 . 2 8 7 . 8 5  1 0 . 1 1  7 . 0 4 4 3 8 9 . 59 
1 3  1 . 2 9 8 . 2 2 1 0 . 6 3  7 . 4 6 46 5 4 . 8 3 
1 4  1 . 3 4 8 . 1 4 1 0 . 9 6 1 . 1 0 4 8 0 1 . 8 5  
1 5  1 . 2 7 8 . 7 9 1 1 . 2 1  7 . 9 8 4 9 7 7 . 6 1 
1 6  1 . 2 1  8 . 9 5  1 1 . 44 8 . 1 7 5 0 9 7 . 4 1  
1 7  1 . 2 8 9 . 0 3  1 1 . 5 8 8 . 2 9 5 1 7 0 . 2 6 
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T AB L E  5 .  C A MP CROOK  - S TO R A G E  ( 8 0 P E R C E N T P ROBAB I L I T Y ) 
G 
A P R I L 5 T O  J UN E  2 7  
A PR I L  5 T O  J UL Y 1 1  
A PR I L 5 T O  J U L Y  2 5  
A PR I L 5 T O  A U G U S T  8 
A PR I L 5 T O  AUGUST  2 2  
A PR I L 5 T O  S E P T E MB E R  5 
A P R I L  5 T O  SE P T E M B E R  1 9  
A PR I L 5 T O  OC T O B E R  3 
A PR I L  5 T O  OC T O B E R  1 7  
A P R I L 5 T O  OC T O B E R  3 1  
A P R I L  5 T O  NOV E M B E R  1 4 
A PR I L 5 T O  NOV EMB E R 2 9  
A PR I L  1 9  T O  J U L Y  1 1 
A PR I L  1 9  T O  J U L Y  2 5  
A PR I L  1 9  T O  AUGUS T 8 
A P R I L  1 9  T O  A UGUST  2 2  
A P R I L 1 9  T O  S E P T E MB E R  5 
A PR I L  1 9  T O  S EP T EM B E R  1 9  
A PR I L 1 9  T O  OC TOB E R  3 
A PR I L  1 9  T O  O C TOBE R 1 7  
A P R I L  1 9  T O  O C TOBE R 3 1  
A P R I L 1 9  T O  NOVEMB E R  1 4  
A P R I L 1 9  T O  NOVEMB E R  2 9  
M A Y  3 T O  J U L Y  2 5  
M A Y 3 T O  AUGU S T  8 
M A Y  3 T O  AUGU S T  2 2  
M A Y  3 T O  S E P T E M B E R  5 
M A Y 3 T O  S EP T E MB E R  1 9  
M A Y 3 T O  O C T O B E R  3 
MA Y 3 T O  O C T O B E R  1 7  
M A Y 3 T O  OC T O B E R  3 1  
M A Y 3 T O  NOVE M B E R  1 4  
M A Y  3 T O  NOV E M B E R  2 9  
MA Y 1 7  T O  AUGU S T 8 
M A Y  1 7  T O  AUGUS T 2 2  
M A Y  1 7  T O  S E P T E MBE R  5 
M A Y  1 7  T O  S E P T E MB E R  1 9  
M A Y 1 7  T O  OC T OB E R  3 
M A Y  1 7  T O  OC T O B E R  1 7  
H 
7 6 3 . l 
7 2 8 . 3 
8 09 . 1 
8 02 . 4  
8 49 . 8 
8 8 4 . 3 
9 2 1 . 8  
9 6 8 . 2 
1 0 5 8 . 7 
1 1 2 5 . 6 
1 2 0 5 . 1 
1 2 9 1 . 8 
5 1 9 . 0 
4 6 5 . 3 
4 6 5 . 3  
4 6 5 . 3 
46 5 . 3 
4 8 8 . 2 
5 43 . 9  
643 . 2 
7 5 3 . 9  
8 79 . 6 
1 0 1 3 . 1 
8 4 4 . 7 
9 0 8 . 9 
5 6 3 . 4  
6 62 . 3  
7 2 7 . 6 
7 9 0 . 8 
8 8 2 . 8 
9 5 1 . 9 
1 0 49 . 5 
1 1 8 5 . 4 
8 9 2 . 5 
8 9 2 . 5 
9 4 6 . 9 
1 0 2 0 . 2 
1 o s 1 . o  
1 1 7 3 . 8 
I 
1 o s 1 . o  
1 2 7 0 . 4 
1 2 4 7 . 4  
1 2 56 . 4 
1 4 1 7 . 5 
1 3 7 1 . 5 
1 36 1 . 4  
1 6 0 6 . Q 
1 7 46. 2 
2 0 1 1 . 2  
2 2 3 1 . o 
2 2 44. 7 
1 0 8 7 . 4 
1 0 3 8 . 9 
1 2 3 0 . 9 
1 5 8 8 . 2 
1 5 2 0 . � 
1 5 2 7 . 7 
1 7 8 5 . 1 
1 9 0 4. 5 
2 1 7 7 . 1 
2 4 0 6 . 9 
2 4 1 5 . 8  
1 3 6 0 . 1 
1 42 3 . 6  
1 8 0 1 . 5 
1 7 0 2 . 6 
1 7 48 . 6  
2 0 0 2 . 2 
2 0 8 9 . 2 
2 3 6 8 . 5 
2 6 0 1 . 1 
2 6 0 9 . 7 
1 7 5 1 . 8  
2 0 7 5 . 8 
1 9 3 0 . 3  
2 0 4 1 . 2  
2 2 9 8 . 4  
2 3 0 7 . 5 
J 
2 . 9 5 
2 . 8 8 
2 . 8 3 
2 . 8 5 
2 . 74 
2 . 6 6 
2 . 6 1 
2 . 5 5 
2 . 44 
2 . 3 7 
2 . 2 1 
2 . 1 1 
3 . 3 6 
3 • 2 4  
3 . 2 1  
3 . 04 
2 . 9 2 
2 . 8 5 
2 . 1 1 
2 . 6 3 
2 . 5 3 
2 . 4 2 
2 . 3 0 
3 e 7 8 
3 . 6 7  
3 . 42 
3 . 2 5  
3 . 1 3 
3 . 0 2 
2 . s s 
2 . 7 3 
2 . 60 
2 . 46 
4 . 2 8 
3 . 9 1  
3 . 6 5  
3 . 4 8 
3 . 3 2 
3 . 1 1  
54 
T A B L E  5 .  ( C O N T I N U E D } 
G H I J 
M A Y  1 7  T O  OC T OB E R  3 1  1 2 3 9 . 0 2 5 9 1 . 9  2 . 9 6 
MA Y 1 7  T O  NOV E MB E R  1 4  1 3 0 7 . 1 2 8 2 5 . 2  2 . a o  
MA Y 1 7  T O  NOV E M B E R  2 9  1 3 8 2 . 4  2 8 3 1 . 3  2 e 6 3 
M A Y  3 1  T O  A UGUS T 2 2  1 8 0 3 . 2 2 44 1 . 5  4 . 5 7  
M A Y  3 1  T O  S E P T EM B E R  5 1 8 0 3 . 2 2 5 4 5 . 3  4 • 1 8  
M A Y  3 1  T O  S E P T E M B E R  1 9  1 8 0 3 . 2 2 4 3 1 . 9  3 . 9 1  
MA Y 3 1  T O  OC T O B E R 3 1 8 03 . 2  2 66 0 . 4  3 . 6 9 
M A Y 3 1  T O  O C T O B E R 1 7  1 8 0 3 . 2 2 5 6 9 . 4  3 . 4 2 
M A Y  3 1  T O  O C T OB E R  3 1  1 8 0 3 . 2 2 8 5 5 . 9  3 . 2 3  
M A Y 3 1  T O  NOV E M B E R 1 4 1 8 0 3 . 2 3 0 8 6 . 6 3 . 0 3 
M A Y  3 1  T O  NOV E M B E R  2 9  1 8 0 3 . 2 3 0 8 6 . 9 2 . 8 4  
J U N E  1 4  T O  S E P T E MB E R  5 2 4 8 3 . 4  2 6 8 8 . 7 4 e 8 7 
J UN E 1 4  T O  SE P T E MB E R  1 9  2 48 3 . 4  2 9 0 2 . 3  4 . 47 
J U N E  1 4  T O  OC TO B E R  3 2 48 3 . 4  3 1 1 3 . Q  4 . 1 5  
J UN E  1 4  T O  OC T O B E R  1 7  2 48 3 . 4  3 1 8 9 . 9  3 . 8 1  
J UN E  1 4  T O  O C TO B E R  3 1  2 48 3 . 4  3 1 7 2 • 6 3 . 5 5  
J U N E  1 4  T O  NOVEM B E R  1 4  2 4 8 3 . 4 3 3 9 5 . 5  3 . 3 1  
J UN E  1 4  T o NOV E M B E R  2 9  2 4 8 3 • 4  3 3 8 5 . 2 3 . 0 7 
J U N E  2 8  T O  S E P T E MB E R  1 9  2 8 2 3 . 1 3 5 2 9 . � 5 . 2 2  
J U N E  2 8  T O OC T O B E R  3 2 8 2 3 . 1 3 6 9 4 . 8 4 . 74 
J UN E  2 8  T O O C T O B E R  1 7  2 8 2 3 . 1 3 7 2 3 . 4  4 . 2 8  
J U N E 2 8  T O  OC T O B E R  3 1  2 8 2 3 . 1 3 5 5 9 . 8 3 . 9 5  
J U N E  2 8  T O  NOV E M B E R  1 4  2 8 2 3 . 1 3 76 6 . 2  3 e 64 
J U N E  2 8  T O NOV E M B E R  2 9  2 8 2 3 . 1 3 7 3 7 . 7 3 . 3 5  
J UL Y  1 2  T O  OC T O B E R  3 3 1 8 0 . 5 4 1 1 2 . 5  5 . 54 
J UL Y  1 2  T O  OC T O B E R  1 7  3 1 8 0 . 5 3 8 5 4 . 3 4 . 8 9 
J UL Y  1 2  T O OC T O B E R  3 1  3 1 8 0 . 5 4 0 4 3 . 7 4 . 44 
J UL Y  1 2  T O  NOVE M B E R  1 4  3 1 8 0 . 5 42 1 9 . 3  4 e 0 4  
J UL Y  1 2  TO NO V E M B E R  2 9  3 1 8 0 . 5 4 1 6 0 . 8  3 e 6 9 
J U L Y  2 6  T O  OC T O B E R  1 7 3 5 9 8 • 2  4 4 9 0 . 1  5 . 7 1  
J UL Y  2 6  T O  OC TO B E R  3 1  3 5 9 8 . 2 4 66 5 . 9 5 e 0 7 
J UL Y  2 6  T O  NOV E M B E R 1 4  3 5 9 8 . 2 4 7 8 5 . 7 4 . 5 5  
J UL Y 2 6  T O  NOV E M B E R  2 9  3 5 9 8 . 2 4 6 7 7 . 8 4 . 1 0  
A U GU S T  9 TO  OC T O B E R  3 1  3 8 3 9 . 9 4 6 6 5 . 9  5 . 9 2 
A UG U S T  9 T O  NOV E MB E R  1 4  3 8 3 9 . 9 4 7 8 5 . 7 5 . 2 0 
A U G U S T  9 T O  NOV E M B E R  2 9  3 8 3 9 . 9 46 7 7 . 8 4 . 6 1  
A UGU S T  2 3  T O  NO V E M B E R  1 4  4 0 9 7 . 4 4 7 9 1 . 9  6 . Q6 
A UG U S T  2 3  T O  NO V E MB E R  2 9  4 0 9 7 . 4 48 5 2 . 3  5 . 2 7 
S E P T E M B E R  6 TO  N OV E MB E R 2 9  4 3 8 9 . 5 5 0 5 1 . 8 6 • 1 5 
55 
T A B L E  6 .  COT T ONWOOD - P R E C I P I T A T I ON ( 6 0 P C T  PROBAB I L I T Y )  
A B C D E F 
1 . 9 4 . 8 3 . 7 8 . 2 9 1 8 1 . 8 6 
2 1 . 2 5 1 . 3 7  1 . 7 2 1 . 0 0  6 2 5 . 9 1  
3 1 . 4 3 1 . 9 3 2 . 1 1 1 . 8 4 1 1 5 2 . 6 3 
4 1 . 4 3  2 . 9 7  4 . 2 6 3 . 1 8 1 9 8 2 . 5 0 
5 1 . 0 0 5 . 8 1  5 . 8 4 4 . 9 5  3 0 8 7 . 1 0  
6 1 . 2 2 5 . 7 3 1 . 0 0 5 . 9 1  3 6 8 9 . 9 7 
7 1 . 2 3 6 . 3 7 7 . 8 8  6 . 7 4 4 2 0 2 . 5 4 
8 1 . 4 3 6 . 0 2 8 . 6 7 7 . 3 7 4 5 9 4 . 1 9  
9 1 . 5 2 6 . 3 0  9 . 5 8  · 8 . 1 8 5 0 9 8 . 9 3 
1 0  1 . 4 5  7 . 1 1  1 0 . 3 6 8 . 9 5  5 5 8 2 . 8 7 
1 1  1 . 4 2 7 . 6 1  1 0 . 8 2  9 . 4 2 5 8 7 4 . 49 
1 2 1 . 4 0 8 . 0 8 1 1 . 3 8 9 . 9 6 6 2 0 8 . 6 6 
1 3  1 . 3 4 8 . 8 4 1 1 . 8 8 1 0 . 4 7  6 5 2 9 . 0 0 
1 4  1 . 3 4 9 . 1 7 1 2 . 3 1  1 0 . 8 7 6 7 7 6 . 9 5 
1 5  1 . 3 2 9 . 5 5 1 2 . 6 6 1 1 . 2 0  6 9 8 5 . 9 8  
1 6  1 . 2 9 1 0 . 0 0 1 2 . 9 3  1 1 . 5 0 7 1 7 1 . 64 
1 7  1 . 2 8 1 0 . 1 8 1 3 . 0 6 1 1 . 6 2 7 2 4 5 . 0 7 
56 
T A B L E  7 .  COT T O N WOO D - S T O R AGE  ( 6 0 P ER C E N T  P RO B A B I L I T Y ) 
G 
A P R I L  5 T O  J UN E  2 7  
A P R I L 5 T O  J U L Y  1 1  
A P R I L  5 TO  J U L Y 2 5  
A PR I L  5 T O  AUG U S T  8 
A P R I L  5 T O  AUGUST  2 2  
A P R I L  5 T O  SE P T E M B E R  5 
A P R I L 5 T O  S E P T E M B E R  1 9  
A P R I L  5 T O  OC T OB E R  3 
A P R I L  5 T O  OC T OB E R  1 7  
A P R I L  5 T O  OC T O B E R  3 1  
A P R I L  5 T O  NOV E M B E R 1 4  
A P R I L  5 T O  NOV E M B E R 2 9  
A P R I L  1 9  T O  J U L Y 1 1  
A P R I L 1 9  T O  JU L Y  2 5  
A P R I L  1 9  T O  A U G U S T 8 
A P R I L 1 9  T O  AUG U S T 2 2  
A P R I L 1 9  T O  S E P T E MB E R  5 
A P R I L  1 9  T O  SE P T E M B E R  1 9  
A P R I L  1 9  T O  OC T O B E R  3 
A P R I L  1 9  T O  OC T OB E R  1 7  
A P R I L  1 9  T O  O C T O B E R 3 1  
A P R I L  1 9  T O  NOV E M B E R  1 4  
A P R I L  1 9  T O  NO V E M B E R  2 9  
M A Y  3 T O  J U L Y  2 5  
M A Y  3 T O  A UGUS T 8 
M A Y 3 T O  A UGU S T  2 2  
M A Y 3 T O  S E P T E M B E R  5 
M A Y  3 T O  S EP T E MB E R  1 9  
M A Y  3 T O  OC T O B E R  3 
M A Y  3 T O  O C T O B E R  1 7 
M A Y  3 T O  O C T O B E R  3 1 
M A Y  3 T O  NOVEM B E R  1 4  
M A Y 3 T O N OV E M B E R 2 9  
M A Y  1 7  T O AUGU S T  8 · 
M A Y  1 7  T O AUGU S T  2 2  
M A Y  1 7  T O  S E P T E MB E R  5 
M A Y  1 7  T O  S E P T EM B E R  1 9  
M A Y  1 7  T O  OC TO B E R 3 
MA Y 1 7  T O  OC T O B E R 1 7  
H 
6 9 2 . 3 
. 7 3 6  • 2 
8 1 4 . 5 
8 3 7 . 6 
8 6 2 . 4 
9 3 5 . 2  
9 9 4 . 5 
1 0 6 5 . 4  
1 1 5 6 . 2 
1 2 4 7 . 9 
1 3 7 1 . 1 
1 5 6 5 . 3  
9 1 1 . 3  
1 0 8 7 . 7 
1 1 6 3 . 5 
6 2 5 . 9  
7 5 2 . 7  
8 6 7 . 8  
9 6 9 . 5  
1 0 8 3 . 4  
1 2 0 8 . 5  
1 3 3 3 . 8  
1 5 0 7 . 5 
1 1 5 2 • -6 
1 1 5 2 . 6  
1 1 5 2 . 6  
1 1 5 2 . 6  
1 2 2 4 . 5 
1 3 1 5 . 7 
1 4 3 0 . 9  
1 5 4 0 . 4  
1 6 4 1 . 2  
1 7 8 7 . 5  
1 9 8 2 . 5 
1 9 8 2 . 5 
1 9 8 2 . 5 
1 9 8 2 . 5  
1 9 8 2 . 5 
1 9 8 2 . 5 
I 
1 6 2 4 . 7 
1 5 1 6 . J  
1 6 7 9 . 9  
1 8 0 4 . 2  
2 1 5 9 . 1 
2 0 1 3 . 6  
1 9 1 3 . 7  
2 2 3 7 . 7  
2 3 s 1 . o 
2 74 2 . 7  
2 8 1 9 . 1 
3 0 8 7 . 6  
1 66 9 . 5  
2 0 0 8 . 1  
2 1 5 8 . 3  
2 5 3 1 . 3  
2 3 3 4 . 1 
2 1 9 5 . 9  
2 5 3 0 . 7  
2 6 5 5 . 7  
2 9 7 5 . 6  
3 0 5 8 . 1  
3 3 2 7 . 3  
. 2 44 5 . 6  
2 6 1 3 . 5  
2 9 9 6 . 5  
2 7 2 5 . 7  
2 5 3 4 . 6  
2 8 7 6 . 9  
3 00 3 . 2 
3 2 44 . 3  
3 3 3 1 . 3  
3 5 9 9 . 0  
3 3 4 9 . 4  
3 5 9 4 . 7 
3 2 1 5 . 2  
2 9 4 8 . 5  
3 2 9 2 . 4  
3 4 1 3 . 9 
J 
4 . 3 9 
4 . 2 8 
4 • 1 0  
4 . 04 
3 . 9 8  
3 . 8 1 
3 . 6 9 
3 . 5 8 
3 . 45 
3 . 3 2 
3 . 2 0  
3 . 0 4  
s . oo 
4 • g 8 ,. 
4 . 5 5 
4 . 4 3  
4 . 1 9  
4 e 0 3 
3 . 8 8 
3 . 72 
3 . 5 6 
3 . 4 1  
3 . 2 3  
5 . 4 6  
s . 2 0 
4 . 9 8  
4 . 66 
4 . 4 3  
4 . 2 3  
4 . 0 3  
3 . 8 3  
3 . 6 5  
3 . 4 5  
6 e 0 7 
5 e 69 
5 . 2 4 
4 . 9 2  
4 e 6 6 
4 . 40 
T AB L E  7 .  ( CON T I N U E D ) 
G 
M A Y  1 7  T O  OC T O B E R  3 1  
M A Y  1 7  T O  NOV E MBER  1 4  
M A Y  1 7  T O  NOV E M B E R  2 9  
M A Y  3 1  TO  AUG U S T  2 2  
M A Y  3 1  T O  S E P T EMB E R  5 
M A Y  3 1  T O  S E P T EM B E R  1 9  
M A Y  3 1  T O  OC T O BER  3 
M A Y  3 1  T O OC T O B E R  1 7  
M A Y  3 1  T O  OC TO BE R  3 1  
M A Y  3 1  TO  NOVE M B E R  1 4  
M A Y  3 1  T O  NOV E M B E R  2 9  
J UN E  1 4  T O  S E P T EMBE R  5 
J U N E  1 4  T O  SE P T EM B E R 1 9  
J U NE  1 4  T O  OC T O B E R  3 
J U N E  1 4  T O  OC T O B E R  1 7 
J U NE  14  T O  OC T O B E R  3 1  
J U NE  14  T O  NOVEMBE R  1 4 
J U NE  1 4  T O  NOV EMB E R  2 9  
J U N E  2 8  T O  S E P T E MB E R  1 9  
J U NE 
J U N E  
J U N E 
J U N E  
J U N E  
J UL Y  
J UL Y  
J UL Y  
J U L Y  
J UL Y  
J UL Y  
J U L Y  
J U L Y  
2 8  T O  
2 8  T O  
2 8  T O  
2 8  T O  
2 8  T O  
1 2  T O  
1 2  T O  
1 2  T O  
1 2  T O  
1 2  T O  
2 6  T O  
2 6  T O  
2 6  T O  
OC T O B E R 3 
OC T O B E R  1 7  
OC T O B E R  3 1  
NO V E M B E R  1 4  
NOV E M B E R 2 9 
OC T O B E R  3 
OC T O B E R  1 7  
OC T O B E R  3 1  
NOV EMBE R 1 4 
NOV E M B E R  2 9 
OC T O B E R  1 7 
OC T O B E R  3 1  
NOV E MB E R  1 4  
J UL Y  2 6  T O  NOVE MB E R  2 9 
A UG U S T  9 T O  O C TOB E R  3 1  
A U GU S T  9 T O  N OV E MB E R  1 4  
A UGU S T  9 T O  NOVEMB E R  2 9  
A U GU S T  2 3  T O  NOVEM B E R  1 4  
A UGUS T  2 3  T O  NOVEMB E R  2 9  
S E P T E MB E R  6 T O  NOV E M B E R  2 9  
57 
H I j 
1 9 8 2 . 5 3 5 5 7 . 7 4 . 1 5 
2 0 34 . 9 3 6 46. 6 3 . 9 4 
2 1 3 7 . 4  3 9 0 9 . 5 3 e 6 9 
3 0 8 7 . 1 4 3 9 2 . 2  6 . 64 
3 0 8 7 . 1 3 8 44. 7 5 . 99 
3 0 8 7 . 1 3 46 5 . 9 5 . 5 4 
3 0 8 7 . 1 3 8 0 0 . 2 5 . 1 8  
3 0 8 7 . 1 3 9 0 6. 8 4 e 8 4 
3 0 8 7 . 1 3 9 2 8 . 2 4 . 5 3  
3 0 8 7 . 1 4 0 1 4. 3  4 . 2 6 
3 0 8 7 . 1 4 2 6 7 . 8 3 . 9 8 
3 6 8 9 . 9 4 1 66 . l 6 . 99 
3 6 8 9 . 9 40 7 5 . Q  6 . 3 3 
3 6 8 9 . 9 4 4 3 5 . o  5 . 8 2 
3 6 8 9 . 9 4 5 0 9 . 2 5 . 3 7 
3 0 8 6 . 0 4 3 7 2 . 8 4 e 9 8 
3 6 8 9 . 9 4449 . 0  4 . e, 5  
3 6 8 9 . 9 46 8 5 . 8 4 . 3 1  
4 2 02 . 5 4 9 6 1 . 9  7 . 3 9 
4 2 0 2 . 5 5 2 5 1 . 1  6 . 6 6 
4 2 0 2 . 5 5 2 6 2 . 2  6 . 0 5  
4 2 0 2 . 5 49 7 5 . 5  5 . 5 4 
4 2 02 . 5 4 9 7 0 . 6 5 . 1 2 
4 2 0 2 . 5 5 1 7 9 . 7  4 . 70 
4 5 9 4 . 1 5 6 9 9 . 9 1 . 1 1 
4 5 9 4 . 1 s 1 1 1 . o  6 . 9 1  
4 5 9 4 . 1 5 7 5 1 . 7 6 e 2 3  
4 5 94 . 1 5 6 08 . 0  5 . 6 9 
4 5 94 . 1 5 7 7 2 . 5  5 . 1 7  
5 0 9 8 . 9 6 2 5 9 . 5  8 . 0 6 
5 0 9 8 . 9 6 46 8 . 6  1 . 1 2  
5 0 9 8 . 9 6 4 0 4. 9 6 e 4 0  
5 0 9 8 . 9 6 4 9 7 . 0 5 . 7 5 
5 5 8 2 . 8 6 5 8 7 . o  8 . 3 1  
5 5 8 2 . 8 6 5 6 7 . 0 7 . 3 1  
5 5 8 2 . 8 6 6 7 7 . 8 6 e 4 6  
5 8 7 4 . 4 0 8 84. S s . 5 3 
5 8 7 4. 4 6 9 9 5 . 7 7 . 3 9 
6 2 0 8 . 6 7 0 3 9 . 3 8 e 6 2 
58 
T A BL E 8 .  CO T TON WOOD - P R E C I P I T A T I ON ( 7 0 P C T  PROBAB I L I T Y ) 
A B C D E F 
1 . 9 4 . 8 3 . 7 8 o . o o  o . o o 
2 1 . 2 5  1 . 3 7 1 . 7 2 . 7 4 4 6 1 . 6 1  
3 1 . 4 3  1 . 9 3  2 . 7 7 1 . 4 9 9 2 9 . 2 5  
4 1 . 4 3  2 . 9 7  4 . 2 6 2 . 1 9 1 3 6 6 . 3 1  
5 1 . 0 0 5 . 8 1 5 . 8 4 4 . 3 6  2 7 2 3 . 1 7 
6 1 . 2 2 5 . 7 3 1 . 0 0 5 . 2 3 3 2 6 3 . 0 3  
7 1 . 2 3  6 . 3 7 7 . 8 8 5 . 9 7 3 7 2 4 . 4 6 
8 1 . 4 3 6 e 0 2  B . 6 7 6 . 5 0 40 5 5 . 8 1  
9 1 . 5 2 6 . 3 0 9 . 5 8  7 . 2 5  4 5 2 0 . 8 0 
1 0 1 . 4 5  7 . 1 1 1 0 . 3 6 s . o o 4 9 9 2 . 8 1 
1 1  1 . 4 2 7 . 6 1  1 0 . 8 2  8 . 2 3 5 1 3 0 . 2 1  
1 2 1 . 4 0  8 . 0 8 1 1 . 3 8 9 . 0 1  5 6 2 1 . 1 2 
1 3  1 . 3 4 8 . 8 4 1 1 • 8 8  9 . 49 5 9 1 7 . 1 7  
1 4 1 . 3 4 9 . 1 7  1 2 . 3 1  9 . 8 6 fu l 4 9 . 4 5 
1 5  1 . 3 2 9 . 5 5 1 2 . 6 6 1 0 . 2 0  6 3 5 8 . 4 0 
1 6 1 . 2 9 1 0 . 00 1 2 . 9 3 1 0 . 4 7 6 5 2 7 . 0 0 
1 7  1 . 2 8 1 0 . 1 8 1 3 . 0 6 1 0 . 6 0 6 6 1 3 . 3 2 
59 
T AB L E  9 .  C O T TON WOO D - S T OR AG E  < 70 P ER C E N T P R O BAB I L I T Y ) 
G 
A P R I L 5 T O  JUN E 2 7  
A PR I L  5 T O  J U L Y  1 1  
A P R I L 5 T O  J U L Y  2 5  
A P R I L 5 T O  AUGUS T 8 
A PR I L 5 T O  AUGUST  2 2  
A P R I L 5 T O  S E P T E MBE R  5 
A PR I L 5 T O  S E P T E MB E R  1 9  
A P R I L 5 T O  OC T O B E R  3 
A P R I L 5 T O  OC T O B E R  1 7  
A P R I L 5 T O  OC T O B E R  3 1  
A PR I L  5 T O  NOVEMB E R  1 4  
A P R I L  5 T O  NOV E M B E R  2 9  
A P R I L 1 9  T O  J U L Y  1 1  
A PR I L 1 9  T O  J UL Y  2 5  
A PR I L 1 9  T O  AUGU S T  8 
A P R I L 1 9  T O  AUG U S T  2 2  
A PR I L 1 9  TO  S E P T E MB E R  5 
A PR I L 1 9  TO  S E P T E MB E R  1 9  
A PR I L 1 9  T O  O C T O B E R  3 
A PR I L 1 9  T O  OC TOB E R  1 7 
A P R I L 1 9  T O  O C TOB E R  3 1  
A PR I L  1 9  T O  N OV E M BE R  1 4  
A P R I L 1 9  T O  N OV E MB E R  2 9  
MA Y 3 T O  J U L Y  2 5  
M A Y  3 T O  AUGU S T  8 
MA Y 3 T O  AUGUS T 2 2  
M A Y  3 T O  SEP T EMB E R  5 
MA Y 3 T O  S EP T E M B E R  1 9  
M A Y  3 T O  OC T OB E R  3 
MA Y 3 T O  OC T O B E R  1 7 
MA Y 3 T O  OC T OB E R  3 1  
M A Y 3 T O  NOV EM B E R  1 4 
M A Y 3 T O  NOV E M B E R  2 9  
M A Y  1 7  T O  AUGUS T  8 
M A Y  1 7  T O AUGUS T 2 2  
MA Y 1 7  T O  S E P T E MB E R  5 
M A Y  1 7  T O  S E P T EM B E R  1 9 
M A Y 1 7  T O OC T O BE R  3 
M A Y  1 7  T O  OC T O B E R  1 7  
H 
8 09 . 0 
8 3 2 . 5 
8 8 2 . 7 
8 92 . o 
8 9 8 . 1 
9 6 3 . 9 
9 59 . 8 
9 9 3 . 4 
1 0 8 8 . 9 
1 1 8 1 . 1 
1 3 2 1 . 3 
1 49 1 . 6 
7 3 6 . l 
8 6 7 . 1 
9 2 4. 3 
9 6 5 . 7 
1 1 5 9 . 5 
1 1 6 9 . 5 
1 2 5 9 . 1 
1 3 5 9 . 4 
9 99 . 4 
1 1 1 3 - 6  
1 2 72 . 8 
9 2 9 . 2 
9 2 9 . 2  
9 2 9 . 2 
1 0 1 3 . 1 
1 0 3 6 . 8 
1 1 1 1 . 3  
1 2 1 3 . 2 
1 3 06 . 5 
1 3 9 8 . 1 
1 5 2 0 . 0 
1 3 6 6 . 3 
1 3 66 . 3 
1 44 0 . 6 
1 4 74 . 0 
1 5 3 9 . 7 
1 6 0 5 . 0  
1 3 8 2 . l 
1 4 3 6 . 3 
1 4 1 0 . 8 
1 48 3 . 0  
1 8 2 8 . 8  
1 6 9 7 . 2 
1 7 0 5 . 4  
1 9 0 8 . 3 
2 1 1 8 . 1 
2 44 9 . 8 
2 49 6 . 8  
2 7 5 3 . l 
1 19 1 . o  
1 7 0 0 . 5 
2 1 8 1 . 3  
2 1 3 7 . 9 
1 8 8 7 . 5 
1 8 7 5 . 7 
2 1 7 3 . 8 
2 3 2 0 . 8 
2 6 6 1 . 8  
2 7 1 4 . 3 
2 9 7 1 . 9  
4 2 1 4. 4  
2 66 5 . 7 
2 5 5 4. 0  
2 2 2 9 . 5  
2 64 3 . 3 
2 48 7 . o  
2 5 8 4  • 9 
2 9 0 6 . J 
2 9 6 3 . 0  
3 4 5 0 . 6  
3 3 1 1 . 5  
3 0 8 8 . 9  
2 6 5 7 . o  
3 0 1 8 . 1 
3 4 1 2 . 7 
2 9 5 7 . 6  
J 
3 . s a  
3 e 8 0 
3 . 6 2 
3 . 5 8 
3 . 5 6 
3 . 3 3 
3 . 3 4 
3 . 2 5  
3 . 1 3  
3 . 0 2 
2 . 9 1  
2 . 7 7 -
4 . 4 3 
4 . 1 3  
4 e 0 3 
3 . 96 
3 e 6 6 
3 . 6 5 
3 . 5 2  
3 . 3 7 
3 . 2 4 
3 . 1 0  
2 . 9 5 
4 e 8 2 
4 . 6 1  
4 . 45 
4 . 0 1 
4 . 0 1 
3 . a4 
3 . 66 
3 . 49 
3 . 3 3 
3 . 1 4  
5 . 3 8 
s . 0 9 
4 e 5 8 
4 e 46 
4 . 2 2  
3 . 99 
60 
T A B L E  9 .  ( CON T I N U E D ) 
G H I J 
M A Y 1 7  T O  OC T O B E R  3 1  1 6 7 3 . 4 3 1 9 1 . 7  3 . 7 8  
M A Y  1 7  T O  NOV E M B E R  1 4  1 7 5 6 . 7 3 2 49 . 9 3 . 5 8 
M A Y  1 7  T O  NOV EM BE R  2 9  1 8 4 5 . 8 3 7 34 . 0 3 . 3 7  
M A Y  3 1  T O  A UG U S T  2 2  2 7 2 3 . l 3 8 0 2 . 2  5 . 9 4 
M A Y  3 1  T O  S E P T E M B E R  5 2 7 2 3 . l 3 2 0 6 . 7 5 . 2 3  
M A Y  3 1  T O  S E P T E M B E R  1 9 2 7 2 3 . l 3 4 8 6 . 5  5 . 0 1  
MA Y 3 1  T O  OC T O BE R 3 2 72 3 . l 3 8 7 2 . 9 4 . 69  
MA Y 3 1  T O  OC T O B E R  1 7  2 72 3 . 1 4 0 0 3 . 2 4 . 3 9  
M A Y 3 1  T O  OC T OB E R  3 1  2 7 2 3 . 1 3 ·9 5 5  . 6  4 . 1 2  
MA Y 3 1  T O  NOV E M B E R  1 4  2 72 3 . 1 3 5 8 4 . 6 3 . 8 8  
M A Y  3 1  T O  NOV E M B E R  2 9  2 7 2 3 . 1 4 0 6 1 . 0  3 . 6 3 
J U N E  1 4  T O  S E P T E MB ER 5 3 2 6 3 . 0 3 5 4 5 . 8 6 • 1 0  
J U N E  1 4  T O  S E P T E MB E R  1 9  3 2 6 3 . 0 40 8 8 . 8 5 . 7 3  
J U N E  1 4  T O  OC T O B E R  3 3 2 6 3 . 0 4448 . 2  5 . 2 8 
J U N E  1 4  T O  OC T O B E R  1 7  3 2 6 3 . 0 4 5 49 . 8  4 . a a  
J U N E  1 4  T O  OC T O B E R  3 1  3 2 6 3 . 0 447 5 . 8  4 . 54 
J U N E  1 4  T O  NOV E M B E R  1 4  3 2 6 3 . 0 4 6 8 0 . 7 4 . 2 3  
J U NE  14  TO  NOV E MB E R  2 9 3 2 6 3 . 0 4442 . 6  3 . 9 3  
J U N E  2 8  T O  S E P T E MB E R  1 9  3 7 2 4. 4 4 8 9 1 . 8  6 . 69 
J U N E  2 8  T O  OC T O B E R  3 3 7 2 4 . 4 5 1 8 7 . 8 6 . 0 3 
J U N E  2 8  T O  OC T O B E R  1 7  3 7 2 4 . 4 5 2 3 3 . l 5 . 49 
J U N E  2 8  TO  OC T O B E R  3 1  3 7 2 4. 4 5 1 1 1 . 7  5 . 0 4 
J U N E  2 8 T O  N O V E M B E R 1 4  3 7 2 4 . 4 5 2 7 4 . l 4 . 66 
J U N E  2 8  TO  NOV E M B E R  2 9 3 7 2 4 . 4 5 3 6 6 . 6 4 e 2 9 
J UL Y  1 2  TO OC TO B E R  3 40 5 5 . 8 5 2 0 0 . 3 1 . 04 
J UL Y  1 2  T O  OC T O B E R  1 7  4 0 5 5 . 8 5 2 4 5 . 6  6 . 2 7  
J U L Y  1 2  TO OC T O B E R  3 1  4 0 5 5 . 8 5 1 2 4 . 2 5 . 6 7 
J UL Y 1 2  T O  NOV E M B E R  1 4  4 0 5 5 . 8 5 2 8 6 . 5 5 . 1 8  
J UL Y  1 2  T O  NO V E M B E R  2 9 4 0 5 5 . 8 5 4 34 . 6 4 . 7 2  
J UL Y 2 6  TO  OC TO B E R  1 7  4 5 2 0 . 8 5 6 3 2 . 0  7 . 3 2  
J UL Y 2 6  T O  OC TO B E R  3 1  4 5 2 0 . 8 5 8 4 1 . 0  6 . 48 
J UL Y 2 6  T O  NOV E M B E R  1 4 4 5 2 0 . 8 5 7 6 0 . 3 5 . 8 2  
J UL Y  2 6 TO  NOV E MB E R  2 9 4 5 2 0 . 8 6 0 9 5 . 9  5 . 2 4 
A UGU S T  9 T O  O C T OB E R  3 1  4 9 9 2 . 8 5 9 5 9 . 4  7 . 5 6 
A UG UST  9 T O  NOV E MB E R  1 4  4 9 9 2 . 8 5 9 2 2 . 3 6 e 6 6 
A UGU ST  9 T O  NOV E MB E R  2 9  4 9 9 2 . 8 6 2 1 4. 3  5 . 9 0 
A UGU S T  2 3  TO  NO V E MB E R  1 4  5 1 3 0 . 2 6 2 40 . 2  1 . 1 1 
A UGU S T  2 3  T O  NO V EM B E R  2 9  5 1 3 0 . 2 6 3 6 3 . 9  6 . 74 
S E P T E M B E R  6 TO  NOV E MB E R  2 9  5 6 2 1 . 1 6 40 7 . 6 7 . 8 7 
61 
T A B L E 1 0 . C O T T ON WOO D  - P R E C I P I T A T I ON C 8 0 P C T P ROBA B I L I T Y ) 
A B C D E F 
1 . 9 4 . 8 3  . 7 8 . 1 2 7 6 . 2 6  
2 1 . 2 5  1 . 3 7  1 . 1 2 . 47 2 9 7 . 3 0  
3 1 • 4 3  1 . 9 3 2 . 1 1 1 . 1 0  6 8 8 . 00 
4 1 . 4 3  2 . 9 7  4 . 2 6  2 . 1 2  1 3 2 1 . 66 
5 1 . 0 0  5 . 8 1  5 . 8 4 3 . 7 7  2 3 5 2 . 9 7 
6 1 . 2 2 5 . 7 3  1 . 0 0 4 . 5 0  2 8 0 5 . 5 9  
7 1 . 2 3  6 . 3 7  7 . 8 8  5 . 1 9 3 2 3 8 . 66 
8 1 . 4 3 6 . 0 2  8 . 6 7  5 . 6 4 3 5 1 7 . 4 3  
9 1 . 5 2 6 . 3 0 9 . 5 8 6 . 2 9  3 9 2 3 . 7 1  
1 0 1 . 4 5  1 . 1 1  1 0 . 3 6  6 . 99 4 3 5 7 . 3 6 
1 1 1 . 4 2 7 . 6 1  1 0 . 8 2  7 . 46 46 5 1 . 74 
1 2 1 . 4 0  8 . 0 8  1 1 . 3 8 7 . 9 7  49 7 2 . 1 9  
1 3 1 . 3 4  8 . 8 4 1 1 . 8 8  8 . 4 7 5 2 8 Q . 1 9  
1 4  1 . 3 4  9 .  1 7 1 2 . 3 1  8 . 8 3 5 5 0 5 . 2 2  
1 5  1 . 3 2  9 . 5 5  1 2 . 6 6 9 . 1 5  5 7 0 6 . 0 4 
1 6  1 . 2 8  1 0 . 1 8  1 3 . Q 6 9 . 4 1  5 8 6 9 . 6 2  
1 7  1 . 2 9  1 0 . 0 0 1 2 . 9 3  9 . 42 5 8 7 4 . 3 0 
62 
T A B L E  1 1 •  CO T TO N W OO D  - S T O R A G E  ( 8 0 P E R C E N T P R OBAB I L I T Y ) 
G 
A P R I L  5 T O  J UN E  2 7  
A P R I L  5 T O  J U L Y  1 1  
A P R I L 5 T O  J U L Y  2 5  
A P R I L 5 TO  A U G U S T  8 
A P R I L 5 TO  AUG U S T  2 2 
A P R I L 5 TO  S E P T E M B E R  5 
A PR I L  5 TO  SE P T E M B E R  1 9  
A PR I L 5 T O  OC T O B E R 3 
A P R I L  5 T O  OC TO B E R  1 7  
A P R I L 5 T O  OC TO B E R  3 1  
A P R I L 5 T O  NOV EM B E R  1 4 
A P R I L 5 T O  NOV E M B E R  2 9  
A P R I L  1 9  T O  J U L Y  1 1  
A P R I L  1 9  T O  J U L Y  2 5  
A P R I L  1 9  T O  A UG U S T  8 
A P R I L  1 9  T O  AUG U S T 2 2  
A P R I L 1 9  T O  S E P T E MB E R  5 
A P R I L  1 9  T O  S E P T E M B E R  1 9  
A P R I L  1 9  T O  OC T O B E R  3 
A P R I L  1 9  T O  O C TOB E R  1 7  
A P R I L  1 9  T O  OC T O B E R  3 1  
A P R I L 1 9  T O  NOV E M B E R  1 4  
A P R I L  1 9  T O  NOV E M B E R  2 9  
M A Y  3 T O  J U L Y  2 5  
MA Y 3 T O  AUGUS T  8 
M A Y  3 T O  AUGUS T  2 2  
M A Y  3 T O  S E P T EM B E R  5 
M A Y 3 T O  SEP T E M B E R  1 9  
M A Y  3 T O  OC T OB E R 3 
M A Y  3 T O  OC T OB E R  1 7  
MA Y 3 T O  O C T OB E R  3 1  
M A Y 3 T O  NOVEMB E R  1 4  
M A Y  3 T O  NOVE M B E R  2 9 
M A Y  1 7  T O  A UG U S T 8 
M A Y  1 7  T O  AUGUS T 2 2  
M A Y  1 7  T O  S E P T E M B ER 5 
M A Y  1 7  T O  S E P T E M B E R 1 9 
M A Y 1 7  T O  OC T OB E R  3 
M A Y  1 7  T O  OC T O B E R 1 7  
H 
7 1 4 . 7 
7 3 9 . 6  
7 9 8 . 5 
8 09 . 6  
8 1 0 . 3 
8 59 . l 
8 9 3 . 2  
9 2 5 . 9  
9 7 7 . 7 
1 0 39 . 3  
1 1 2 5 . 2 
1 2 9 5 . 6  
5 8 5 . 4  
6 5 9 . 9  
6 8 8 . 4  
7 1 3 . 6  
7 8 9 . 5  
8 42 . 8  
9 0 2 . 8  
9 9 5 . 0  
1 0 9 0 . 5 
1 1 8 8 . 1 
1 3 5 0 . 3  
6 8 8 . 0  
6 8 8 . 0  
7 1 8 . 9  
8 02 . 3  
8 6 1. 3 
9 1 2 . 9  
9 7 6 . 6 
1 0 49 . 8  
1 1 4 2 . 3  
1 2 8 0 . 5  
1 3 2 1 . 6  
1 3 2 1 . 6  
1 3 2 1 . 6  
1 3 2 1 . 6  
1 3 2 1 . 6  
1 3 52 . 0  
I 
1 6 8 3  • :3 
1 6 6 3 . 6  
1 5 7 1 . 7  
1 5 5 6 . 8  
1 5 7 4 . 6 
1 5 2 3 . 2 
1 4 8 9 . 0  
1 6 1 9 . 4 
1 8 42 . 0  
2 1 4 5 . 4  
2 1 6 8 . 1 
2 3 6 1 . 9  
1 4 6 7 . 2  
1 3 9 2 . 8  
1 4 2 3 . 8  
1 7 6 8 . 3  
1 7 0 6 . 4 
1 6 3 9 . 7  
1 8 1 1 . 0  
2 0 2 3 . 5 
2 3 3 5 . 6  
2 3 Q 3 e 7 
2 5 5 6 . 2  
3 5 8 6 . 3 
2 1 5 3 . 9  
2 0 7 7 . 4  
2 0 1 6 . 5 
1 8 2 0 . 5 
2 0 8 2 . 2  
2 2 3 5 . 2  
2 5 5 5 . 1  
2 5 8 7 . 3  
2 7 7 6 . 5  
2 7 1 4 . 4  
2 5 44 . 3  
2 4 0 4 . 2  
2 1 2 4 . 2  
2 4 1 8 . 2  
2 4 8 9 . 0  
j 
3 . 3 3  
3 . 3 0 
3 . 1 4 
3 . 1 1 
3 . 1 1  
3 . 0 2 
2 . 9 5 
2 . 9 0 
2 . 80 
2 . 1 1 
2 . 62 
2 . 4 6 . 
3 . 8 5 
3 . 5 8 
3 . 5 0 
3 . 4 5 
3 . 3 2 
3 . 2 2 
3 . 1 4 
3 . 0 2 
2 . 9 1  
2 . 79 
2 . 6 2 
4 e l 8 
4 . 00 
3 e 8 9 
3 e 69 
3 . 5 5 
3 . 4 2  
3 . 2 7  
3 . 1 3 
2 . 9 9 
2 . 79 
4 . 6 7 
4 . 44 
4 . 1 5  
3 . 9 4 
3 . 7 7 
3 . 5 7 
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T AB L E  1 1 . ( CON T I N U E D ) 
G H I J 
MA Y 1 7  T O  OC T O B E R  3 1 1 4 0 1 . 9 2 8 1 1 . l 3 . 3 9 
M A Y  1 7  T O NOV E M B E R  1 4  1 4 5 1 . Q  2 8 4 5 . 3 3 . 2 2  
M A Y  1 7  T O  NOV E M B E R 2 9  1 5 6 0 . 2 3 0 2 8 . 3  2 . 9 9 
M A Y  3 1  TO AUGU S T  2 2  2 3 5 2 . 9  3 1 6 6 . 7 5 . 1 8 
M A Y  3 1  T O  S E P T E MB E R  5 2 3 5 2 . 9 2 9 0 2 . 6  4 . 74 
M A Y  3 1  T O  S E P T E MB E R  1 9  2 3 5 2 . 9 2 9 9 9 . 8 4 . 4 3  
M A Y  3 1  T O  OC T O B E R  3 2 3 5 2·. 9 3 3 7 7 . 5 4 . 1 9  
M A Y  3 1  TO  OC T O B E R  1 7  2 3 5 2 . 9 2 8 8 9 . �  3 . 9 3 
M A Y  3 1  T O  OC T O B E R  3 1  2 3 5 2 . 9 3 l l 3 . 7  3 . 70 
M A Y 3 1  T O NOV E M B E R  1 4  2 3 5 2 . 9 3 1 4 6 . 3 3 . 49 
M A Y  3 1  T O  NOV E M B E R  2 9  2 3 5 2 . 9 3 5 4 9 . 4 3 . 2 2 
J U N E  1 4  T O  S E P T E M B E R 5 2 8 0 5 . 5 3 5 6 7 . l 5 . 5 3 
J UN E  1 4  T O  S E P T EMB E R  1 9  2 8 0 5 . 5 3 5 3 2 . 5 5 . 0 1 
J U N E  1 4  T O  OC T O B E R  3 2 8 0 5 . 5 3 8 9 0 . 8 4 . 7 1  
J UN E  1 4  T O  OC T O B E R  1 7  2 8 0 5 . 5 3 9 7 7 . 2 4 . 3 6 
J UN E  1 4  T O  OC T O B E R  3 1  2 8 0 5 . 5 3 8 8 8 . 7 4 . 0 1  
J U N E  1 4  T O  NOV EMB E R 1 4  2 8 0 5 . 5 3 5 0 2 . 1 3 e 8 l 
J UN E  1 4  T O  N O V E MB E R  2 9  2 8 0 5 . 5 3 8 8 8 . 3 3 . 49 
J U N E  2 8  T O  S E P T E MB E R  1 9  3 2 3 8 . 6 4 2 42 . 8 5 . 9 1  
J U N E  2 8  T O  OC TO B E R  3 3 2 3 8 . 6 4 5 5 0 . 8 5 . 3 a  
J UN E  2 8  T O  O C T O B E R  1 7  3 2 3 8 . 6  4 5 8 8 . 9 4 . 9 1  
J U N E  2 8  T O  OC T OB E R  3 1  3 2 3 8 . 6 4 4 59 . 3  4 . 5 2  
J UN E  2 8  T O  NOV EMB E R  1 4  3 2 3 8 . 6 4 6 l 6 . 7 4 . 1 9 
J U N E  2 8  T O  NOV EM B E R  2 9  3 2 3 8 . 6 4 2 8 8 . 8  3 . 8 1  
J UL Y  1 2  TO  OC T O B E R  3 3 5 1 7 . 4  4 5 6 3 . 3 6 . 2 8 
J UL Y  1 2  T O  OC T O B E R  1 7  3 5 1 7 . 4  4 6 0 1 . 3  5 . 6 1 
J UL Y 1 2  TO  OC T O B E R 3 1  3 5 1 7 . 4  4 4 7 5 . 4 5 . 09 
J UL Y  1 2  TO  N O V EM B E R  1 4  3 5 1 7 . 4  4 6 2 9 . 1  4 . 6 5 
J UL Y 1 2  T O  NO V E M B E R 2 9  3 5 1 7 . 4  4 7 6 9 . 5 4 . 1 9  
J U L Y  2 6  T O  OC T O B E R  1 7  3 9 2 3 . 7 4 9 8 7 . 8 6 . 5 5  
J UL Y  2 6  TO OC T O B E R  3 1  3 9 2 3 . 7 5 1 8 8 . 6 5 . 8 2 
J UL Y  2 6  TO  N O V E M B E R  1 4  3 9 2 3 . 7 5 1 0 2 . 9 5 . 2 4 
J UL Y  2 6  TO NO V E M B E R  2 9  3 9 2 3 . 7 5 3 5 6 . 9 4 e 6 6 
A UG U S T  9 T O  O C TO B E R  3 1  4 3 5 7 . 3 5 3 0 7 . 1 6 e 7 9 
A UG U S T  9 T O  N O V EM B E R  1 4  4 3 5 7 . 3 5 2 Q4 . 9 5 . 9 a  
A UGU S T  9 T O N O V E MB E R  2 9  4 3 5 7 . 3 5 4 7 5 . 3  5 . 2 4 
A U GU S T  2 3  T O  NO V E M B E R  1 4  4 6 5 1 . 7 5 5 8 2 . 8 6 . 9 8 
A U GU S T  2 3  T O  NOVEMB E R  2 9  4 6 5 1 . 7 5 6 2 4. 9 5 . 9 9 
S E P T E MB E R  6 T O  NOV E M B E R  2 9  4 9 7 2 . 1 5 6 6 8 . 6  6 e 9 9  
64 
T A B L E  1 2 .  CO T T ON WOO D - P R EC I P I T A T I O N C 9 0 P C T  P R OBA B I L I T Y ) 
A 8 C D E F 
1 . 9 4 . 8 3 . 7 8 . 0 3 2 3 . 4 6 
2 1 . 2 5  1 . 3 7 1 . 1 2 . 2 6  1 6 4 . 3 0 
3 1 . 4 3  1 . 9 3  2 . 1 1 . 7 1  4 4 6 . 7 5 . 
4 1 . 4 3 2 . 9 7  4 . 2 6 1 . 5 6 9 7 3 . 3 9 
5 1 • 0 0  5 . 8 1 5 . 8 4 3 . 0 3  1 8 9 4 . 9 3 
6 1 . 2 2 5 . 7 3 1 . 0 0 3 . 6 2  2 2 5 6 . 6 7 
7 1 . 2 3  6 . 3 7 7 . 8 8  4 . 1 0  2 5 6 0 . 0 8  
8 1 . 4 3 6 . 0 2  8 . 6 7  4 . 5 4 2 8 3 5 . 48 
9 1 . 5 2 6 . 3 0 9 . 5 8 5 . 1 2  3 1 9 3 . 9 4 
1 0  1 • 4 5  1 . 1 1  1 0 . 3 6 · 5 • 7 8  3 6 0 3 . 9 0 
1 1  1 . 4 2 7 . 6 1 1 0 . 8 2 6 . 2 1  3 8 7 2 . 0 2  
1 2  1 . 4 0 8 . 0 8 1 1 . 3 8 6 . 6 6 4 1 5 6 e b4 
1 3  1 . 3 4 8 . 8 4 1 1 . 8 8 7 . 0 9 4 4 2 5 . 3 0 
1 4  1 . 3 4 9 . 1 7 1 2 . 3 1 7 . 42 4 6 2 6 . 7 3 
1 5  1 . 3 2  9 . 5 5 1 2 . 6 6 7 . 7 3  4 8 2 2 . 4 7 
1 6  1 . 2 9 1 0 . 0 0  1 2 . 9 3 8 . 0 1 4 9 9 5 . 9 7 
1 7  1 . 2 8  1 0 . 1 8  1 3 . 0 6 8 . 1 3  5 0 6 9 . 9 5 
T A B L E  1 3 .  CO T TON WOOD - S T OR A G E  ( 9 0 P E R C E N T  PROB A e l L I T Y )  
G 
A P R I L 5 T O  J U N E  2 7  
A P R I L 5 T O  JU L Y  1 1  
A P R I L 5 T O  J UL Y  2 5  
A P R I L 5 T O  A U G U S T  8 
A P R I L 5 TO  AUGUST  2 2  
A P R I L 5 T O  S E P T E MB E R  5 
A P R I L 5 TO  S E P T E MB E R  1 9  
A PR I L  5 T O  OC T O B E R  3 
A PR I L  5 T O  OC T O B E R  1 7  
A PR I L 5 T O  OC T O B E R  3 1  
A P R I L  5 T O  N O V E M B E R  1 4  
A P R I L  5 T O  NOV EMB E R  2 9  
A PR I L  1 9  T O  J U L Y  1 1  
A PR I L  1 9  T O  J U L Y  2 5  
A P R I L  1 9  T O  A UG U S T  8 
A P R I L  1 9  T O  A UG U S T 2 2  
A P R I L 1 9  TO  S E P T E MB E R  5 
A P R I L 1 9  TO  S E P T E MB E R  1 9  
A P R I L 1 9  TO  O C T OB E R  3 
A P R I L 1 9  T O  O C TOBER  1 7  
A P R I L 1 9  T O  O C T O B E R  3 1  
A P R I L  1 9  T O  N O V EMBE R 1 4  
A P R I L  1 9  T O  NO V E M B E R  2 9  
M A Y 3 T O  JULY  2 5  
M A Y  3 T O  AUGU S T  8 
MA Y 3 T O  AUGU S T 2 2  
M A Y 3 T O  S EP T E MB E R  5 
M A Y  3 T O  S EP T E M B E R  1 9  
M A Y 3 T O  OCTO B E R  3 
M A Y 3 T O  OC T O B E R  1 7  
M A Y 3 T O  OCTOB E R  3 1  
M A Y 3 T O  NOV E MB E R  1 4  
M A Y 3 T O  NOV E M B E R  2 9  
M A Y 1 7  T O  A UG U S T 8 
M A Y 1 7  T O  AUG U S T  2 2  
M A Y  1 7  T O S E P T E M B E R  5 
M A Y  1 7  T O  S E P T E MB E R  1 9  
M A Y  1 7  T O  OC T OB E R  3 
M A Y  1 7  T O  OC T O B E R  1 7  
H 
6 8 1 . 5 
7 1 6 . 7 
7 4 6 . 6 
7 4 5 . 2 
7 2 8 . 7 
7 5 3 . 9 
1 1 0 . 1 
7 8 8 . 6 
8 4 3 . 7 
9 0 6 . 6 
9 7 1 . 4  
1 0 6 9 . 5 
5 9 4 . 8 
6 3 8 . 0 
6 49 . 6 
6 4 7 . 3 
6 7 3 . 7 
6 9 2 . 4 
7 1 0 . 6 
7 42 . 2 
7 7 6 . 5 
8 2 5 . 6 
9 3 9 . 0 
9 2 3 . 9 
9 7 2 . 8 
9 9 0 . 2 
6 04 . 2 
6 4 7 . 9 
6 8 8 . 0 
7 3 8 . 2 
7 8 2 . o 
8 2 9 . 2 
9 0 4 e 6 
9 7 3 . 3 
9 7 3 . 3 
9 7 3 . 3 
9 7 3 . 3 
1 0 09 . 8 
1 0 5 3 . 7 
1 5 2 7 . 3  
1 2 7 5 . 9  
1 2 3 0 . 7  
1 2 3 2 . 5  
1 2 7 3 . 2  
1 2 3 9 . 7 
1 3 40 . l 
1 4 8 2 . 8  
1 6 2 1 . 6  
1 7 1 2 . 7  
1 8 5 1 . 4  
1 9 9 5 . 5 
1 1 0 5 . 5 
1 040 . 6  
1 0 4 8 . l  
1 4 3 3 . 4  
1 3 8 0 . 5  
1 5 6 0 . 5 
1 7 0 9 . 7 
1 8 5 0 . 4  
1 9 4 2 . 3  
2 0 8 0 . 4  
2 2 1 9 . 2  
1 7 9 5 . 6  
1 7 1 4 . 1  
1 6 3 3 . 6  
1 5 5 2 . 5  
1 8 2 s . o  
1 9 7 7 . 9  
2 1 1 7 . 4  
2 2 0 7 . 3  
2 3 42 . 1  
2 4 7 2 . 6  
2 0 9 4. 3 
1 8 9 8 . 4  
1 8 3 9 . 9  
2 1 48 . 3  
2 2 9 9 . 8 
2 4 3 2 . 8  
J 
2 . 6 8 
2 . 6 1  
2 . 5 3 
2 . 5 3 
2 . 5 7 
2 . 5 1  
2 . 4 7 
2 . 43 
2 . 3 0 
2 . 2 9 
2 . 2 3  
2 . 1 3  
3 e 04 
2 . 8 9 
2 . 8 5 
2 e 8 6 
2 . 10 
2 . 69 
2 . 6 3 
2 . 5 4 
2 . 46 
2 . 3 7 
2 . 2 6 
3 . 3 7 
3 . 2 5  
3 . 2 1  
3 . Q 7 
2 . 9 6 
2 . 8 7 
2 . 7 5 
2 . 6 4 
2 . 54 
2 . 4 1  
3 . 8 0 
3 . 6 7 
3 . 4 5  
3 . 2 9 
3 . 1 6 
3 . 0 0 
66 
T A B L E 1 3 .  < CON T I N U E D ) 
G H I J 
M A Y  1 7  T O  OC T O B E R  3 1  1 0 9 1 . 1  2 5 1 6 . 4  2 . 8 7 
M A Y  1 7  T O  NO V EM B E R  1 4  1 1 2 6 . 3 2 6 44 . 0  2 . 74 
MAY  1 7  T O  NOV EMB E R  2 9 1 1 7 0 . 6  2 7 6 2 . 4 2 . 5 8 
M A Y  3 1  T O A UG U S T  2 2  1 8 94 . 9 2 4 1 3 • 3  4 • 2 9  
M A Y  3 1  T O  S EP T EM B E R  5 1 8 94 • 9 2 2 3 4 • 2  3 . 9 5  
M A Y  3 1  T O S E P T E M B E R  1 9  1 8 94 • 9  2 5 5 2 • 4  3 • 7 1  
MAY  3 1  T O  OC TO B E R 3 1 8 94 . 9 2 6 9 3 . 1 3 . 5 1  
MA Y 3 1  T O  OC T O B E R  1 7  1 8 94 . 9 2 8 1 1 . 4  3 . 3 0  
M AY 3 1  T O OC T O B E R  3 1  1 8 94 . 9 2 8 8 1 . 8  3 . 1 3 
MAY  3 1  T O  NOV EM B E R  1 4  1 8 94 . 9 2 9 9 6 . 3  2 . 9 7  
M A Y  3 1  T O  NOV E M B E R  2 9  1 89 4 . 9  3 0 9 6 . 6  2 . 1 a 
J UN E  1 4  T O  S E P T E M B E R  5 2 2 5 6 . 6 2 7 8 7 . 4  4 . 60  
J UN E  1 4  T O S E P T E M B E R  1 9  2 2 5 6 . 6  3 0 7 2 . 0 4 . 2 4 
J UN E  1 4  T O OC TO B E R  3 2 2 56 . 6  3 1 8 4 . 8  3 . 9 5 
J UN E  1 4  T O  OC T O B E R  1 7  2 2 5 6 . 6  3 2 7 4 . 0 3 e f.> 7  
J UN E  1 4  T O  O C TO B E R  3 1  2 2 5 6 . 6 3 3 2 0 . 2  3 . 44 
J UN E  1 4  T O NOV E M B E R  1 4  2 2 5 6 . 6 3 4 1 2 . 7  3 . 2 4 
J UN E  1 4  T O  NOV E M B E R  2 9 2 2 56 . 6 3 4 8 6 . 6  3 . 0 1  
J UN E  2 8  T O  S E P T E MB E R  1 9  2 5 6 0 . 0  3 4 2 7 . 3  4 . 9 4 
J UN E  2 8  T O OC T O B E R  3 2 5 6 0 . 0  3 6 9 5 . 9  4 . 5 1  
J UN E  2 8  T O  OC T O B E R  1 7  2 5 6 0 . 0  3 7 1 0 . 4  4 . 1 3  
J UN E  2 8  T O  OC T O B E R  3 1  2 5 6 0 . 0  3 5 3 8 . 4 3 . 8 2 
J UN E  2 8  T O NOV E MB E R  1 4  2 5 6 0 . 0  3 6 3 0 . 8  3 . 5 6 
J U N E  2 8  T O  NOV E M B E R 2 9 2 5 6 0 . 0 3 7 0 4 . 8  3 . 2 9  
J UL Y  1 2  T O OC T O B E R  3 2 8 3 5 . 4  3 7 0 8 . 4  5 . 2 6 
J UL Y  1 2  T O  OC T O B E R  1 7  2 8 3 5 . 4  3 7 6 6 . 5  4 . 7 2 
J UL Y  1 2  T O O C TO B E R  3 1  2 8 3 5 . 4  3 8 1 2 . 6  4 . 3 0 
J UL Y  1 2  T O  NOV E MB E R  1 4  2 8 3 5 . 4  3 9 0 5 . l 3 e 9 6  
J UL Y  1 2  T O  NOV EM B E R  2 9 2 8 3 5 . 4  4 0 4 5 . 5  3 . 6 2  
J UL Y 2 6  T O OC TO B E R  1 7  3 1 9 3 . 9  4 1 0 9 . 3  5 . 5 0 
J UL Y  2 6  T O  OC TO B ER 3 1  3 1 9 3 . 9  4 3 0 5 . J.  4 . 9 2  
J UL Y  2 6  T O  NO V E M B E R  1 4  3 1 9 3 . 9  4 2 2 9 . 2  4 . 4 6  
J UL Y  2 6  T O  NOV E MB E R  2 9  3 1 9 3 . 9  4 5 5 2 . 5  4 . 0 2  
A UGUS T  9 T O  OC T O B E R  3 1  3 6 0 3 . 9 4 4 2 3 . 5  5 . 74 
A UGU S T  9 T O NO V E M B E R  1 4 3 6 0 3 . 9  4 3 9 1 . 3  5 . Q9 
A UGU S T  9 T O NOV E MB E R  2 9  3 6 0 3 . 9 4 6 7 1 . 0  4 . 5 2 
A UGU S T  2 3  TO  NOVEMB E R  1 4  3 8 7 2 . 0  4 7 0 9 . 2  5 . 9 4 
A UG U S T  2 3  T O  N O V EMB E R  2 9  3 8 72 . 0  4 8 2 0 . 6  5 . 1 7 
S E P T E M B E R 6 T O  NOV E MB E R  2 9  4 1 5 6 . 6 4 8 6 4 . 2  6 e 0 3  
T AB L E  1 4 . CUS T E R  - P R EC I P I T A T I ON ( 8 0 PC T PROBAtj I L I T Y ) 
A B C D E F 
1 1 . 1 0 . 7 1  . 7 8 . u a 5 4 . 8 9 
2 1 . 3 4 1 . 3 7 1 . 8 5  . 3 9 2 4 3 . 5 0 
3 1 . 3 0 2 . 2 4 2 . 9 2 1 . 3 0  8 1 2 . 5 1  
4 1 . 5 0 3 . 1 7  4 . 7 7  2 . 4 6 1 5 3 5 . 8 1 " 
5 1 • 1 1  5 . 7 6 6 . 44 4 . 1 4  2 5 8 6 . 2 7  
6 1 .  1 1  7 . 0 6 7 . 8 5  5 . 2 8  3 2 9 2 . 0 0  
7 1 . 3 2 6 . 8 4 9 . u 6 6 . u 5 3 7 7 4 . 9 6 
8 1 .  1 2  9 . 0 0  1 0 . 0 9 1 . 2 2 4 5 0 0 . 8 5  
9 1 . 2 0 9 . 42 1 1 . 3 2  8 . 2 9  5 1 6 8 . 5 7 
1 0 . 9 7 1 2 . 6 0 1 2 . 2 4  9 . 2 4 5 7 6 4 . 1 4 
1 1  1 . 0 4 1 2 . 6 4 1 3 . 1 5  9 . 9 4 6 1 9 8 . 6 1  
1 2 1 . 0 2 1 3 . 3 2 1 3 . 6 3 l 0 . 3 9  6 4 8 1 . 1 1  
1 3  1 . 0 3 1 3 . 7 4 1 4 . 2 5  1 0 . 9 2 6 8 1 1 • 4 6  
1 4 . 9 9 1 4 . 7 3 1 4 . 70 1 1 . 5 2 7 1 8 2 . 1 5  
1 5  1 . 0 0  1 5 . 2 1  1 5 . 2 5  1 1 . 8 5  7 3 9 1 . 2 5  
1 6  . 8 9 1 6 . 9 5  1 5 . 2 1  1 2 . u l  7 4 9 1 . 9 0  
1 7  . 9 3 1 6 . 6 9 1 5 . 5 4 1 2 . 2 0  7 6 0 5 . 7 0 
T AB L E  1 5 .  C U S T E R  - S TO R A G E  ( 8 0 P ER C E N T P ROBA B I L I T Y )  
G 
A P R I L  5 T O  J UN E  2 7  
A P R I L  5 T O  J UL Y  1 1  
A P R I L 5 T O  J U L Y 2 5  
A P R I L 5 T O  AUG U S T  8 
A P R I L 5 T O  AUG U S T  2 2  
A P R I L 5 T O S E P T E M B E R  5 
A P R I L 5 T O  SE P T E M B E R  1 9  
A P R I L 5 T O  OC TO B E R 3 
A P R I L  5 T O  OC T O B E R 1 7 
A P R I L 5 T O  OC TO B E R  3 1  
A P R I L 5 T O  NOVEMBE R  1 4  
A P R I L 5 T O NOV E MB E R  2 9  
A P R I L 1 9  T O  J U L Y  1 1  
A P R I L 1 9  T O  J U L Y  2 5  
A P R I L 1 9  T O  AUG U S T  8 
A P R I L  1 9  T O  AUG US T 2 2  
A PR I L 1 9  T O  S E P T EMB E R  5 
A PR I L  1 9  T O  SE P T E MB E R  1 9  
A P R I L 1 9  T O  OC T OB E R  3 
A P R I L 1 9  T O  OC TO B E R  1 7 
A P R I L  1 9  T O  OC T OB E R  3 1  
A P R I L  1 9  T O  NOV E M B E R  1 4  
A P R I L 1 9  T O  NOV E MB E R  2 9  
M A Y  3 T O  J UL Y  2 5 
M A Y  3 T O  AUGUS T  8 
M A Y 3 T O  AUGUS T 2 2  
M A Y  3 T O  S E P T E M B E R  5 
M A Y  3 T O  S E P T E M B E R  1 9  
M A Y 3 T O  O C T OB E R  3 
M A Y  3 T O  O C T OB E R  1 7 
M A Y  3 T O  O C TO B E R  3 1  
M A Y  3 T O  NOV E MB E R 1 4  
M A Y  3 T O  NOVEM B E R 2 9  
M A Y 1 7  T O  AUGUS T  8 
M A Y  1 7  T O  AUGU S T  2 2  
M A Y  1 7  T O  S E P T E M B E R  5 
M A Y  1 7  T O  S E P T E MB E R  1 9 
M A Y  1 7  T O  OC T O B E R  3 
M A Y  1 7  T O  OC TOB E R  1 7  
H 
9 1 7 . 9  
8 9 3 . 6 
9 3 7 . 1 
9 5 Q . 4 
9 4 3 . a  
9 6 6 . 3 
1 0 1 9 . 2  
1 1 0 7 . 7 
1 2 3 1 . 2 
1 3 2 8 . l 
1 4 4 7 . 7 
1 5 7 5 . 1 
6 2 4. 8 
7 8 4. 5 
8 1 8 . 5  
8 2 5 . 8  
8 6 2 . 4  
8 9 8 . 9 
9 3 4 . 0 
1 0 3 9 . 8 
1 1 8 3 . 6 
1 36 7 . 6 
1 5 5 8 . 3 
7 3 8 . 4 
7 3 8 . 4 
7 3 8 . 4 
7 3 8 . 4 
8 2 8 . 0 
9 2 4. - 7 
1 0 4 1 . 0  
1 1 2 5 . 3 
1 2 3 0 . 9  
1 42 9 . 9 
1 2 5 6 . 6 
1 2 5 6 . 6 
1 2 5 6 . 6 
1 2 5 6 . 6 
1 3 3 3 . 7 
1 444. 8 
I 
1 3 2 5 . 4  
1 3 0 7 . 2  
2 1 2 3 . 6  
1 442 . 5 
1 4 5 5 . 8 
1 3 9 2 . 0  
1 8 3 0 . 7  
1 9 3 5 • 8  
2 3 0 0 . 5 
2 6 8 5 . 5  
3 0 1 1 . 6 
3 1 6 9 . 0 
1 5 8 8 . 5 
1 8 1 8 . 4  
1 43 8 . 1 
1 5 44 . 5 
1 5 9 9 . 8 
2 0 6 1 . 2  
2 1 5 3 . 7 
2 5 2 0 . 1 
2 9 1 6 . 9  
3 2 49 . 4  
3 40 9 • 5 
1 1 a 1 . o 
1 3 9 2 . 1 
1 7 6 5 . 6  
1 9 0 2 . 6  
2 3 3 7 . 7 
2 4 6 2 . 9  
2 7 7 7 . 2  
3 1 8 4 . 0 
3 5 2 1 . l 
3 6 8 2 . 1 
1 9 5 5 . 5 
2 1 3 4 . 9  
2 3 6 5 . 4  
2 6 7 5 . 8 
2 8 7 1 . 9  
3 1 8 1 . 0  
j 
3 • 8 8  
3 e 8 3  
3 . a 1 
3 e 7 6 
3 . 7 9 
3 . 7 1  
3 • 62  
3 . 5 3  
3 . 3 9 
3 . 3 0 
3 . 1 8  
3 . 0 5 
4 . 47 
4 . 3 5  
4 . 2 3  
4 . 2 1 
4 . 0 8 
3 . 9 5  
3 . 8 2 
3 e b6 
3 . 5 4  
3 . 3 9 
3 . 2 4 
5 . Q 8 
4 e 84 
4 . 7 3  
4 . 5 3 
4 . 3 4 
4 . 1 7  
3 . 9 6 
3 . a 1  
3 e 6 3  
3 . 46 
5 . 6 5 
5 . 4 1  
5 . 1 0 
4 e 8 2 
4 . 5 9  
4 . 3 2  
68 
69 
T A B L E  1 5 . ( CO N T I NU E D ) 
G H I J 
M A Y  1 7  T O OC T O B E R  3 1  1 5 2 5 . 9 3 4 9 5 . 5 4 • .1 3  
M A Y  1 7  T O  NOV E M B E R 1 4  1 6 1 5 . 7 3 8 34. 6 3 . 9 1  
MA Y  1 7  T O  NOV E M B E R  2 9  1 7 0 4 . 1 3 9 9 3 . 6  3 . 70 
M A Y  3 1  T O AUG US T  2 2  2 3 9 5 . 4 2 8 3 8 . 4 6 . 3 1  
M A Y  3 1  T O  S E P T EMBE R 5 2 3 9 5 . 4 2 9 7 7 . 5 5 e 8 3 
MAY  3 1  T O S E P T EM B E R 1 9  2 3 9 5 . 4 3 0 9 8 . 3  5 . 4 3 
MA Y 3 1  T O  OC T O B E R  3 2 3 9 5 . 4 3 3 7 1 . 8  5 . 1 0  
M A Y  3 1  T O  OC T O B E R  1 7  2 3 9 5 . 4 3 6 6 5 . 5 4 . 7 5  
M A Y  3 1  T O  OC T O B E R  3 1  2 3 9 5 . 4 3 9 4 1 . 9  4 . 50 
M A Y  3 1  T O  NOV E M B E R  1 4  2 3 9 5 . 4 4 2 00 . 4  4 e 2 4 
MA Y 3 1  T O  NOVE M B E R  2 9  2 3 9 5 . 4 4 3 5 3 . 1 3 . 9 9 
J UN E  1 4  T O  SE P T E MB E R  5 3 2 6 1 . 8 3 7 9 3 . 8  6 e S 0 
J U N E  1 4  T O  S E P T E MB E R  1 9  3 2 6 1 . 8 3 7 2 5 . 3  6 . 2 0 
J UN E  1 4  T O  OC T O B E R  3 3 2 6 1 . 8 3 9 9 6 . 6  5 . 7 3 
J U N E  1 4  T O  OC T O B E R  1 7  3 2 6 1 . 8 4 2 5 7 . 7  5 . 2 8 
J UN E  1 4  T O  OC T O B E R  3 1  3 2 6 1 . 8 4 5 1 0 . 0  4 . 9 5  
J U N E  1 4  T O  NOV E MB E R  1 4 3 2 6 1 . 8 4 6 3 2 . 7  4 e 6 3 
J U N E  1 4  T O  NOV E MB E R  2 9  3 2 6 1 . 8 4 7 7  2· . 5 4 . 3 2  
J UN E  2 8  T O  S E P T E MB E R 1 9  3 76 2 . 9 4 5 9 4 . 5  7 . 2 4 
J UN E  2 8  T O  OC T O B E R  3 3 7 62 . 9 4 8 00 . 0 6 . 5 5  
J UN E  2 8  T O  OC T O B E R  1 7  3 7 62 . 9 4 9 9 8 . 0 5 . 9 4 
J UN E  2 8  T O  OC T O B E R  3 1  3 7 6 2 . 9 5 2 0 4. 3 5 . 5 1  
J U N E  2 8  T O  NO V E MB E R 1 4  3 7 62 . 9 5 2 3 1 . 6  5 . 09 
J UN E  2 8  T O  NOV E M B E R ? 9 . 3 7 62 . 9 5 3 1 8 . 2 4 . 7 2 
J UL Y  1 2  T O  OC T O B E R  3 4 2 7 2 . 1 5 3 6 7 . 2  7 . 6 5 
J UL Y  1 2  T O  OC T OB E R  1 7  4 2 7 2 . 1 5 3 2 8 . 3  6 . 7 9 
J U L Y  1 2  T O  OC T O BE R  3 1  4 2 7 2 . 1 5 5 3 4 . 7  6 • 1 9  
J UL Y  1 2  T O  NO V EM B E R  1 4  4 2 7 2 . 1 5 7 8 5 . 5 s . 6 6 
J UL Y  1 2  T O  NOV E M B E R  2 9  4 2  7 2  • . 1 5 8 6 2 . 9 5 . 1 9  
J UL Y  2 6  T O  OC T O B E R  1 7  4 7 4 6 . 3 6 1 0 7 . 5 7 . 9 3 
J U L Y  2 6  T O  OC T O B E R  3 1  4 7 4 6 . 3 6 3 8 8 . 7  1 . 0 8 
J UL Y  2 6  T O  NOV E M B E R  1 4  4 7 4 6 . 3 6 5 7 8 . Q  6 . 3 6 
J UL Y 2 6  T O  NOV E M B E R  2 9  4 74 6 . 3 6 5 8 9 . 8 5 . 1 6 
A U GU S T  9 T O O C T OB E R  3 1  5 3 06 . 9 6 6 8 1  • 6 8 . 2 6 
A UGU S T  9 T O  N OV E M B E R  1 4  5 3 06 . 9 6 8 7 1 . o 1 . 2 1 
A UGU S T  9 T O  N O V E M B E R 2 9  5 3 06 . 9 6 8 8 2 . 8  6 . 49 
A UGU S T  2 3 TO  NOV E M B E R  1 4  5 7 1 3 . 7 6 9 5 2 . Q  8 . 49 
A UGU S T  2 3  TO  N O V E M B E R  2 9 5 7 1 3 . 7 6 9 0 3 . 8  7 . 4 1 
S E P T E M B E R  6 T O  NOV E M B E R  2 9 6 0 8 4 . 3 7 0 5 1 . 1 8 . 6 5  
70 
T AB L E  1 6 . DUP R E E  - P R E C I P I T A T I ON ( 8 0 P C T  P ROBA� I L I T Y >  
A B C D E F 
1 . 8 6 . 8 1 . 1 0  . 1 0 6 4 . 4 8 
2 1 . 1 9 1 . 1 6 1 . 3 9  . 3 3 2 09 . 0 l  
3 1 . 1 7 1 . 9 3  2 . 2 6 . 8 9 5 5 5 . 1 5 
4 1 . 0 1 3 . 44  3 . 4 9 1 . 8 7  1 1 7 0 . 5 4 
5 1 . 1 5 4 . 2 9 4 . 9 7  2 . 9 2  1 8 2 3 . 4 7 
6 1 . 1 3 5 . 8 0  6 . 5 8 4 . 2 4 2 6 4 5 -. 0 1 
7 1 . 2 7 5 . 8 3  7 . 44 4 . 7 9 2 9 8 9 . 4 2 
8 1 . 3 8  5 . 9 3  a . 2 0 5 . 3 0  3 3 0 4 . 6 1  
9 1 . 4 3 6 . 3 3 9 . 0 8 5 . 9 5  3 7 1 5 . 0 5 
1 0  1 . 3 3 7 . 4 2  9 . 9 0  6 . 7 7 42 2 3 . 5 9 
1 1  1 . 3 1 7 . 8 3  1 0 . 3 3 7 . 1 8 44 8 0 . 2 0 
1 2  1 . 4 4 7 . 54 1 0 . 8 9 7 . 47 46 5 9 . 5 3 
1 3  1 . 3 7 8 . 2 5  1 1 . 3 7  a . o o 49 8 9 . 7 2 
1 4  1 . 3 8 8 . 5 2 1 1 . 8 4 8 . 1 0  5 0 5 0 . 3 0 
1 5  1 . 3 6 8 . 9 3  1 2 . 1 9 a . 1 0 5 4 2 6 . 8 9 
1 6  1 . 3 0  9 . 5 8 1 2 . 5 3 9 . 06 5 6 5 0 . 94 
1 7  1 . 2 6 1 0 . 1 1 1 2 . 7 5  9 . 3 0  5 8 0 0 . 1 9 
T AB L E  1 7 .  D UP R E E  - S TO R A G E  ( 8 0 P E R C E N T P ROBAB I L I T Y )  
G 
A P R I L  5 TO  J U N E  2 7  
A P R I L  5 T O  J U L Y 1 1  
A PR I L  5 TO  J U L Y  2 5  
A P R I L 5 TO  AUGUST  8 
A PR I L 5 T O  AUGUST  2 2 
A P R I L 5 TO  S E P T EM B E R 5 
A P R I L  5 T O  S E P T E MB E R  1 9  
A P R I L 5 T O  OC T O B E R  3 
A P R I L  5 T O  OC T O B E R  1 7  
A P R I L 5 T O  O C T O B E R  3 1  
A P R I L  5 T O  NOV E MB E R  1 4  
A P R I L  5 T O  N O V E MB E R  2 9  
A P R I L 1 9  TO  J U L Y  1 1  
A P R I L 1 9  TO  J U L Y  2 5  
A P R I L  1 9  T O  AUGUS T 8 
A P R I L 1 9  T O  A UGUS T 2 2  
A PR I L  1 9  T O  S E P T E MB E R  5 
A P R I L  1 9  T O  S E P T EMB E R  1 9  
A PR I L  1 9  T O  O C TOB E R  3 
A P R I L  1 9  TO  O C T O B E R  1 7  
A P R I L 1 9  T O  O C TO B E R  3 1  
A P R I L 1 9  T O  N OV E MB E R  1 4  
A P R I L  1 9  T O  N O V E MB E R  2 9  
M A Y 3 T O  J UL Y 2 5  
MA Y 3 T O AUGU S T 8 
MA Y 3 T O  AUGU S T  2 2  
M A Y  3 T O  S EP T E MB E R  5 
MA Y 3 T O  S E P T E MB E R  1 9  
M A Y 3 T O  OC T O B E R  3 
MA Y 3 T O  OC T O B E R  1 7  
M A Y  3 T O  OC TO B E R  3 1  
MA Y 3 T O  NOV EM B E R  1 4  
MA Y 3 T O  NOV E M B E R  2 9  
MA Y 1 7  T O  AUGU S T  8 
M A Y  1 7  T O  AUG U S T  2 2  
M A Y  1 7  T O  S E P T E MB E R  5 
M A Y  1 7  T O SEP T E M B E R  1 9  
MA Y 1 7  T O  OC T OB E R  3 
M A Y  1 7  T O  OC T O B E R  1 7  
H 
7 6 7 . 3 
7 2 6 . 0  
8 5 0 . 6 
8 5 1 . 5 
8 2 2 . 7 
8 6 7 . 9  
9 5 0 . 3  
9 8 1 . 6 
1 1 4 3 . 2 
1 1 3 5 . 8 
1 1 9 6 . l 
1 2 8 5 . 0  
4 4 1 . 3  
6 7 3 . 5 
6 9 6 . 7 
6 8 1 . 9  
74 5 . 8  
8 1 9 . 0  
8 42 . 4  
9 49 . 0  
9 54 . 9 
1 0 42 . 0  
1 1 6 9 . 9  
5 5 5 . 1 
5 5 5 . 1 
5 5 5 . 1 
6 5 3 . 8 
7 8 1 .- 1  
8 3 0 . 5 
9 6 1 . 5  
9 7 5 . l 
1 0 3 0 . 4 
1 1 3 0 . 1 
1 1 7 0 . 5 
1 1 7 0 . 5 
1 1 7 0 . 5 
1 1 7 0 . 5 
1 1 7 0 . 5  
1 2 6 7 . 6 
I 
1 46 4 . 0 
1 5 5 0 . 2  
1 43 6 . 9 
1 4 3 5 . 2  
1 5 4 5 . 5 
1 4 3 6 . 7 
1 5 1 1 . 4 
1 646 . l 
1 8 7 6 . 9 
2 0 46 . 0  
2 1 0 5 . 7 
2 4 3 8 . 9  
2 0 3 1 . 0  
2 1 2 2 . 6  
2 00 1 . 2  
2 1 1 7 . Q  
2 1 7 7 . 4  
2 446 . 7  
2 0 42 . l 
2 H ) O .  1 
2 3 2 8 . l 
2 6 1 7 . 6  
2 8 5 2 . 1  
2 3 2 9 . 5  
2 2 8 9 . 4  
2 2 8 3 . 8  
2 2 2 3 . 5 
2 1 5 9 . 8 
2 0 2 3 . 5 
2 1 7 3 . 0 
2 5 6 6 . 6 
2 8 5 9 . 8  
3 0 9 3 . 8  
2 46 6. 3  
2 4 34. 7 
2 3 48 . o  
2 2 6 3 . 4  
2 3 1 4 . 7  
2 44 0 . 8 
. j 
3 . 1 4 
3 . 0 5 
2 . 9 5 
2 . 94 
3 . 0 1 
2 . 90 
2 . 1 1 
2 . 74 
2 . 5 7 
2 . 5 8 
2 . 5 2 
2 . 4 3 
3 . 5 5  
3 . 3 7 
3 . 3 1  
3 . 3 5 
3 . 2 0 
3 . 0 2 
2 . 9 7  
2 . 1 1 
2 . 16 
2 . 6 9 
2 . 5 8 
3 . 9 3 
3 . 79 
3 . 7 7 
3 . 5 5  
3 . 3 2 
3 . 2 4 
3 . 0 0  
2 . 9 8  
2 . 8 8 
2 . 76 
4 . 4 2 
4 . 3 0 
4 . 0 0  
3 . 69 
3 . 56 
3 . 2 7  
71 
72 
T A B L E 1 1 .  ( CO N T I N U E D ) 
G H I J 
M A Y  1 7  T O  OC T OB E R  3 1  1 2 8 8 . 2 2 8 44 . 9  3 . 2 3  
M A Y  1 7  T O  NOV E M B E R 1 4  1 3 4 0 • 9  3 1 3 9 . 2  3 . 1 0 
M A Y  1 7 T O  NOV E M B E R 2 9  1 4 02 . 1 3 3 7 0 . Q  2 . 9 5  
M A Y  3 1  T O  A UGUS T 2 2  1 8 2 3 . 4  2 9 2 1 . 0  s . 0 2  
M A Y 3 1  T O  S E P T E MB E R  5 1 8 2 3 . 4  2 4 5 8 . �  4 . 5 7 
M A Y  3 1  T O  S E P T E MB E R  1 9  1 8 2 3 . 4  2 5 7 8 . 3  4 e l 6 
M A Y  3 1  T O  OC T O B E R 3 1 8 2 3 . 4  2 1 0 2 . 1  3 . 9 6 
M A Y  3 1  T O  OC T O B E R  1 7  1 8 2 3 . 4 2 7 8 7 . 3  3 . 60 
M A Y  3 1  T O  OC T O BE R  3 1  1 8 2 3 . 4  3 1 8 7 • 2  3 . 5 2 
M A Y  3 1  T O  NOV EMB E R  1 4  1 8 2 3 • 4 3 4 6 5 . 2  3 e 3 6 
MA Y 3 1  T O  NOV EM B E R  2 9 1 8 2 3 • 4 3 6 8 8 . 7  3 • 1 8  
J U N E  1 4  T O S E P T E MBE R 5 2 6 4 5 - 0 2 9 9 1 . 7  5 . 3 3 
J U N E  1 4  T O  S E P T E MB E R  1 9  2 6 4 5 . o  3 0 7 7 . 5  4 . 7 5 
J U N E  1 4  T O OC T OB E R  3 2 64 5 • 0 3 1 8 7 . 9  4 . 4 5  
J U N E  1 4  T O OC T O B E R  1 7 2 64 5 • 0  3 2 3 6 . 2  4 e 0 0  
J U N E  1 4  T O  OC TO B E R 3 1 2 64 5 • 0  3 6 3 1 . 3  3 e 8 7  
J U N E  1 4  T O  NO V E M B E R 1 4  2 6 4 5 . 0  3 8 8 4 . 3  3 e 66 
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T A B L E  1 9 .  ( CON T I N U E D ) 
G H I j 
M A Y 1 7  TO OC T O B E R  3 1  1 1 0 1 . 2  3 5 2 1 . 3  4 . 1 1  
M A Y  1 7  T O  NOV E M B E R  1 4  1 7 8 9 . 1 3 2 5 7 . 4  3 . 96 
M A Y  1 7  T O  NOV E M B E R  2 9  1 8 7 1 . 8  3 0 0 9 . 4 3 . 76 
M A Y  3 1  T O  A UG U S T  2 2  2 5 1 4 . 5 3 0 2 5 . 4  6 . 3 1  
M A Y  3 1  T O  S E P T E MB E R 5 2 5 1 4 . 5 3 46 2 . 2 5 . 8 3 
M A Y  3 1  TO  S E P T E MB E R  1 9  2 5 1 4 . 5 3 2 7 9 . 2 5 . 44 
M A Y  3 1  T O  OC TO B E R  3 2 5 1 4 . 5 3 7 2 1 . 3  5 . 1 2 
M A Y 3 1  TO OC T O B E R  1 7  2 5 1 4 . 5 4 0 2 3 . 2 4 e 8 0 
M A Y  3 1  TO  O C T O B E R  3 1  2 5 1 4 . 5 3 9 9 9 . 0 4 . 5 4 
M A Y  3 1  TO  NOV E MB E R  1 4  2 5 1 4 . 5 3 6 7 3 . 3 4 . 29 
MA Y 3 1  TO  NOV E M B E R  2 9  2 5 1 4 . 5 3 3 7 4 . 2 4 . 0 5 
J UN E  1 4  T O  S E P T E MB E R  5 3 4 5 2 . 6  3 4 8 8 . 1 6 . 80 
J U N E  1 4  T O  S E P T E MB E R  1 9  3 4 52 . 6  3 9 � 2 . 8 6 . 2 2 
J UN E  1 4  TO OC T O B E R  3 3 4 5 2 . 6 4 3 48 . 5 5 e 7 6 
J UN E  1 4  T O  OC TOB E R  1 7  3 4 5 2 . 6  4 6 2 1 . 2  5 . 3 3  
J U N E 1 4  TO  OC T O B E R  3 1  3 4 5 2 . 6  4 5 7 2 . 2  s . oo 
J U N E  1 4  T O  N OV E M B E R  1 4  3 4 5 2 . 6  4 1 64 . 7 4 e G 8 
J UN E  1 4  T O  NOVEMB E R  2 9 3 4 5 2 . 6 3 7 9 9 . 8  4 . 3 9  
J UN E  2 8  T O  S E P T E M B E R  1 9  3 9 6 3 . 4  4 8 0 4 . 4 7 . 2 6 
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6 1 . 3 4  5 . 0 5  6 . 8 0  4 . 2 2  2 6 3 5 . 2 5  
7 1 . 4 8  5 . 2 8 7 . 8 6  4 . 9 4  3 0 7 9 . 8 8 
8 1 . 5 0  5 . 8 8 8 . 8 8  5 . 7 3  3 5 7 1 . 9 1  
9 1 . 46 6 . 7 1  9 . 8 1  6 . 5 3  40 7 1 . 1 7  
1 0 1 . 4 8 7 . 1 3  1 0 . 5 9  7 . 1 5  44 6 0 . 8 1  
1 1 1 . 6 3  1 . 0 1  1 1 . 5 4 7 . 7 6  4 8 3 9 . 7 3  
1 2 1 . 6 8  7 • 2_0 . 1 2 . 1 7  8 . 2 4  5 1 3 6 . 9 2 
1 3 1 . 1 2  7 . 3 2 1 2 . 6 2  8 . 6 0  5 3 6 1 • 8 4 
1 4 1 . 1 1  7 . 6 6  1 3 . 1 7  9 . 0 9 5 6 6 8 . 9 3  
1 5  1 . 1 2  7 . 8 8 1 3 . 6 2  9 . 4 9 5 9 1 7 . 5 2 
1 6  1 . 6 9 s . 2 1  1 3 . 8 8  9 . 7 7  6 0 9 1 . 3 7 
1 7  1 . 6 8  8 . 3 6 1 4 . 0 8 . 9 . 9 3 6 1 9 2 . 5 0 
T A B L E  2 7 .  MOBR I DG E  - S T O R A G E  ( 8 0 P E R C E N T  P RO BAB I L I T Y )  
G 
A PR I L 5 TO  J U N E  2 7  
A P R I L 5 T O  J U L Y  1 1  
A P R I L 5 T O  J UL Y  2 5  
A PR I L 5 T O  AUGUST  8 
A PR I L  5 T O  AUGUST  2 2  
A P R I L 5 T O  S E P T E M B E R  5 
A PR I L 5 T O  S E P T EM B E R  1 9  
A P R I L  5 T O  OC T O B E R  3 
A P R I L  5 T O  OC T O B E R  1 7  
A PR I L  5 T O  OC T OB E R  3 1  
A P R I L  5 T O  NOVEMB E R  1 4  
A P R I L  5 T O  NOV E M B E R  2 9  
A P R I L  1 9  T O  J U L Y  1 1  
A P R I L 1 9  T O  J U L Y  2 5  
A P R I L 1 9  T O  A U G U S T  8 
A P R I L  1 9  T O  AUGU S T  2 2  
A P R I L  1 9  T O  S E P T EM B E R  5 
A P R I L  1 9  T O  S E P T EM B E R  1 9  
A P R I L 1 9  T O  OC TOB E R  3 
A P R I L  1 9  T O  O C T OB E R  1 7  
A P R I L  1 9  T O  O C TOB E R  3 1  
A P R I L  1 9  T O  NO V E MB E R  1 4  
A P R  1 L 1 9  T O  N O V E M B E R - 2 9  
MA Y 3 T O  J U L Y  2 5  
M A Y 3 T O  A UGUS T 8 
M A Y 3 T O  AUGUS T 2 2  
M A Y  3 T O  S E P T E MB E R  5 
M A Y  3 T O  S EP T E M B E R  1 9  
M A Y  3 T O  O C T O B E R  3 
M A Y  3 T O  O C T O B E R  1 7  
M A Y  3 T O  O C T O B E R  3 1  
M A Y  3 T O  N OV E M B E R  1 4  
M A Y  3 T O  N O V E M B E R  2 9  
M A Y  1 7  T O  A UG U S T  8 
M A Y  1 7  TO  AUGUS T  2 2 
M A Y  1 7  T O  S E P T E MB E R  5 
M A Y  1 7  TO  S E P T E MB E R  1 9 
MA Y 1 7  T O  OC T O B E R  3 
M A Y  1 7  T O  OC T O B E R  1 7  
H 
8 46 . 9 
8 49 . 2 
8 6 8 . 7 
8 8 6 . 3 
9 2 3 . 9 
9 6 0 . 5 
1 0 3 1 . 9 
1 1 2 5 . 7  
1 1 7 0 . 9 
1 2 3 3 . 4  
1 3 2 5 . 1 
1 4 54 . 8 
5 5 5 . 9 
6 3 3 . 7 
6 3 7 . 8 
6 7 7 . 5 
7 1 2 . 6 
7 9 8 . 4 
9 1 9 . 5 
9 8 4 . 0 
1 0 64 . 3 
1 1 6 3 . 9 
1 2 8 0 . 8 
7 2 4 . 6 
7 7 9 . 5 
8 7 5 . 5 
9 5 4 . 9 
1 0 5 1 .- 2  
1 1 5 6 . 2 
1 2 3 5 . 0 
8 8 4 . 8 
1 0 2 5 . 4 
1 1 8 1 . 3 
1 0 7 7 . 7 
1 0 7 7 . 7 
1 0 7 7 . 7 
1 0 7 7 . 7 
1 0 7 7 . 7 
1 0 8 9 . l 
I 
1 1 1 1 . 9  
1 1 1 4 . 2 
1 1 3 3 . 7 
1 1 5 1 . 3  
1 1 3 2 . 5  
1 1 1 4 . 2 
1 3 6 9 . 4  
1 6 5 7 . o  
2 0 2 4 . 3 
2 3 1 2 . 7  
2 5 0 3 . 3  
2 5 6 7 . 7 
1 8 9 7 . 4  
1 8 8 5 . 2  
1 8 7 9 . 7 
1 1 5 0 . 3 
1 1 7 1 . 4  
1 5 2 5 . 1 
1 8 2 8 . 9  
2 2 1 1 . 2  
2 5 0 9 . 9  
2 7 0 6 . 4 
2 7 7 2 . 6 
3 6 3 4 . 3 
3 5 2 4. 5 
1 3 2 9 . 9 
1 3 3 2 . 7  
1 7 1 1 . 9  
2 0 3 2 . 0  
2 42 9 . 2  
2 7 3 7 . 5 
2 9 3 8 . 4  
3 0 0 4. 8 
1 6 9 2 . 7 
1 5 6 8 . 9  
1 5 :3 4 . 3 
1 9 4 0 . 2  
2 2 7 5 . 7 
2 6 8 6 . 9 
j 
3 . 1 3 
3 . 1 4 
3 . 1 8  
3 . 2 3  
3 . 1 8  
3 . 1 4 
3 e 0 5 
2 . 9 4 
2 . 8 9 
2 . s 1  
2 . 1 1  
2 e 60 
3 e 66 
3 e 64 
3 e o 3 
3 . 5 4 
3 . 4 5 
3 . 3 3 
3 . 1 9 
3 . 1 1  
3 . 0 1 
2 . 9 0 
2 . 1 6 
4 . 2 5  
4 . 1 5  
3 . 9 8 
3 e 8 4  
3 e 66 
3 . 4 8 
3 . 3 7 
3 . 2 5  
3 . 1 0  
2 . 9 4 
4 . 8 4  
4 . 5 5  
4 . 3 2  
4 . 0 1 
3 . 8 2 
3 e o 8  
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T A B L E  2 7 . ( CON T I NU E D )  
G H I J 
M A Y 1 7  T O  OCTO B E R  3 1  1 1 5 5 . 8  3 0 0 3 . 0  3 . 5 2 
MA Y 1 7  T O  NOV E M B E R  1 4  1 2 5 9 . 7 3 2 0 6 . 2  3 . 3 4 
M A Y  1 7  T O  NOV E MB E R  2 9  1 4 1 7 . 2  3 2 7 0 . 2  3 . 1 5  
M A Y 3 1  T O  A UGU S T  2 2  1 7 8 4 . 5 1 8 8 7 . 5  5 . 3 1  
M A Y 3 1  T O  S E P T E M B E R  5 1 78 4 . 5 1 7 9 3 . 6  4 . 9 3  
M A Y  3 1  T O  S E P T E M B E R 1 9  1 78 4 . 5 2 2 2 5 . 6  4 . s s 
M A Y  3 1  T O  OC T O B E R  3 1 7 8 4 . 5 2 5 7 3 . 6  4 . 2 5  
M A Y  3 1  T O  OC T O B E R 1 7  1 7 8 4 . 5 2 9 9 6 . 1  4 . 04 
M A Y 3 1  T O  OC T O B E R  3 1  1 7 8 4 . 5 3 3 1 6 . 8  3 . 8 4 
M A Y 3 1  T O  N O V E M B E R  1 4  1 7 8 4 . 5 3 5 1 8 . 6  3 . 6 2 
M A Y  3 1  T O  N O V E M B E R 2 9  1 7 8 4 . 5 3 5 7 6 . 5  3 . 4 0  
J U N E  1 4  TO  S E P T E M B E R 5 2 6 3 5 . 2  2 3 5 8 . 8  5 . 7 6 
J U N E  1 4  TO  S E P T E MB E R 1 9 2 6 3 5 . 2 2 6 1 5 . 7  5 . 2 4  
J U N E  1 4  T O  O C T O B E R  3 2 6 3 5 . 2  2 9 4 5 . 9  4 . 1 8  
J U N E  1 4  T O  OC TO B E R  1 7  2 6 3 5 . 2 3 3 7 4 . l 4 . 4 9 
J U N E  1 4  T O  OC T O B E R  3 1  2 6 3 5 . 2  3 6 9 3 . 4  4 . 2 2 
J U N E  1 4  TO NOV E M B E R  1 4  2 6 3 5 . 2 3 8 8 7 . 7  3 . 9 5  
J U N E  1 4  T O NOV E M B E R  2 9  2 6 3 5 . 2  3 9 3 3 . 7  3 . 6 8 
J UN E  2 8  T O S E P T E MB E R 1 9  3 0 7 9 . 8  3 2 9 8 . 0  6 . 1 1  
J U N E  2 8  TO  OC T O B E R  3 3 0 7 9 . 8 3 48 0 . 0  5 . 4 7 
J UNE 2 8  T O  OC T O B E R 1 7  3 0 7 9 . 8 3 8 46 . 5  5 e 0 6 
J U N E  2 8  T O OC T O B E R  3 1  3 0 7 9 . 8 4 1 5 3 . 7  4 . 6 9 
J U N E  2 8  T O  NOV E M B E R · 1 4  3 0 7 9 . 8 4 3 3 0 . 7  4 . 3 5  
J U N E  2 8  T O NOV E M B E R  2 9  3 0 7 9 . 8  4 3 5 5 . 9 4 . 0 2  
J U L Y  1 2  T O  OC T O B E R  3 3 5 7 1 . 9 4 2 46 . o  6 . 3 8  
J U L Y  1 2  T O  OC T O B E R  1 7  3 5 7 1 . 9 4 5 5 3 . 1 5 e 7 8 
J U L Y  1 2  T O  O C T O B E R  3 1 3 5 7 1 . 9 4 7 5 8 . 1 5 . 2 8  
J U L Y 1 2  T O  NO V E M B E R  1 4  3 5 7 1 .· 9 4 8 7 2 . 2  4 . 8 3 
J U L Y  1 2  TO  NO V E M B E R  2 9  3 5 7 1 . 9  4 8 6 2 . 6  4 . 4 2  
J UL Y 2 6  T O OC TOB E R  1 7  40 7 1 . 1 5 2 6 3 . 7  6 . 7 4 
J UL Y  2 6  T O  O C TO B E R  3 1  40 7 1 . 1 5 46 8 . 7  6 e 0 3  
J U L Y 2 6  TO  NOVE M B E R  1 4  4 0 7 1 . 1 5 5 4 9 . 0  5 . 4 3 
J UL Y 2 6  T O  NOV EM B E R  2 9  4 0 7 1 . 1 5 4 8 1 . 8 4 . 9 1  
A UGU S T  9 T O OC T O B E R  3 1  4 4 6 0 . 8  5 1 1 a . o  1 . 0 4  
A UGU S T  9 T O  NOV E MB E R  1 4  44 6 0 . 8 5 7 9 8 . 4 6 . 2 1  
A UGU S T  9 T O  NO V E MB E R  2 9  4 4 6 0 . 8 5 7 3 1 . 2  5 . 5 2 
A U GU S T  2 3  T O NO V E M B E R  1 4  4 8 3 9 . 7  5 8 1 7 . 1  1 . 2 5  
A U GU S T  2 3  T O  NOV E M B E R  2 9  4 8 3 9 . 7  5 7 4 9 . 9 6 . 3 1  
S E P T E M B E R  6 TO  N O V E M B E R  2 9 5 1 3 6 . 9  5 7 6 2 . 3 7 . 3 7  
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T AB L E 2 8 .  NE W E L L  P R E C I P I T A T I ON ( 8 0 PC T PROBAB I L I T Y )  
A 8 C D E F 
1 • 7 1  . 96 . 6 9 . 1 2 8 0 . 7 7 
2 1 . 2 4 1 . 2 1  1 . 5 8 . 4 1 2 5 6 .· 3 4  
3 1 . 2 9 1 . 9 2  2 . 4 8 . 9 8 6 1 3 . 8 2 
4 1 . 6 5 2 . 3 9 3 . 9 7 1 . 8 5  1 1 5 7 . 9 6 
5 1 . 5 4 3 . 6 0  5 . 5 8 3 . 0 6 1 9 1 1 . 1 7 
6 1 . 6 5 4 . 1 8 6 . 9 2 4 . 0 3 2 5 1 4 . 8 9 
7 1 . 1 0 4 e 6 6 7 . 9 6 4 . 8 3 3 0 1 3 . 7 2  
8 1 . 8 2 4 . 8 6  B . 8 8 5 . 46 3 4 0 6 . 3 9 
9 1 . 6 2 5 . 9 3  9 . 6 5  6 . 2 5  3 8 9 7 . 2 7 
1 0  1 . 5 4 6 . 6 8 1 0 . 3 1  6 . 8 5  4 2 7 3 . 2 6 
1 1  1 . 5 7  6 . 8 2  1 0 . 7 8 1 . 2 0  4 4 8 9 . 5 5  
1 2  1 • 5 6  1 . 2 2  1 1 . 3 2 7 . 6 8  4 7 9 0 . 5 1  
1 3  1 . 6 2 7 . 3 5 1 1 . 9 9 8 . 1 8 5 0 9 8 . 8 9 
1 4  1 . 5 9 7 . 8 0 1 2 . 4 8 8 . 6 7 5 4 0 5 . 1 6 
1 5  1 . 5 8 s . 1 2 1 2 . 8 8  9 . 0 4 5 6 3 7 . 5 6 
1 6  1 . 5 9 8 . 3 0  1 3 . 2 1  9 . 3 0 5 8 0 2 . 6 9 
1 7  1 . 5 7 8 . 4 8  1 3 . 3 9  9 . 4 7 5 9 0 8 . 7 8  
T A B L E  2 9 . N EW E L L  - S T OR A G E  ( 8 0 P ER C E N T  P R O BA B I L I T Y ) 
G 
A P R I L 5 T O  JUN E 2 7  
A P R I L 5 T O  JULY  1 1  
A P R I L 5 T O  J U L Y  2 5  
A P R I L 5 T O  AUGUST 8 
A P R I L  5 TO  AUG U S T  2 2  
A P R I L 5 TO  S E P T E MB E R  5 
A P R I L 5 T O  S E P T EMB E R  1 9  
A P R I L 5 T O  OC T O B E R  3 
A P R I L  5 T O  OC T O B E R  1 7  
A P R I L 5 T O  OC T O B E R  3 1  
A P R I L 5 T O  NOV E MB E R  1 4  
A P R I L  5 T O  NOV E MB E R  2 9  
A P R I L 1 9  T O J U L Y  1 1 
A P R I L 1 9  T O  J U L Y  2 5  
A P R I L 1 9  T O  AUG U S T 8 
A P R I L  1 9  T O  AUGUS T 2 2  
A P R I L  1 9  T O  S E P T E M B E R  5 
A P R I L 1 9  T O  S E P T EM B E R  1 9  
A P R I L 1 9  T O  OC T O B E R  3 
A P R I L  1 9  T O  O C T O B E R  1 7  
A P R I L 1 9  T O  OC T O B E R 3 1  
A P R I L 1 9  T O  NOVEMa E R  1 4  
A P R I L  1 9  T O  NOV E MB E R  2 9  
MA Y 3 T O  J U LY 2 5  
M A Y  3 T O  AUGU S T 8 
M A Y  3 T O  AUGU S T  2 2  
M A Y  3 T O  S E P T E MB E R  5 
M A Y 3 T O  S E P T E M B E R  1 9  
M A Y  3 T O  O C TO B E R  3 
M A Y  3 T O  O C T OB E R  1 7 
M A Y  3 T O  O C T O B E R  3 1 
M A Y  3 T O  NOVEMB E R  1 4  
M A Y  3 T O  NOVEM B E R  2 9  
MA Y 1 7 T O  AUGU S T  8 
M A Y  1 7  T O  A UGU S T 2 2 
M A Y  1 7  T O  S E P T E M B E R  5 
MA Y 1 7  TO  S E P T E M B E R 1 9  
M A Y  1 7  T O  OC T O B E R  3 
M A Y  1 7  T O  OC TO B E R  1 7  
H 
643 . 6  
6 7 7 . 7 
6 6 3 . 5  
6 8 5 . 2 
7 1 9 . 4  
8 3 4 . 6 
8 8 8 . 1 
9 3 0 . 1 
9 6 6 . 9 
1 0 2 8 . 5 
1 1 2 0 . 7 
1 2 3 6 . 3 
3 9 0 . 7 
4 5 3 . 3 
4 5 1 . 2 
5 00 . 6 
6 0 4 . 0  
6 7 0 . 4  
7 5 4 . 3 
8 2 7 . 3 
9 3 2 . 1 
1 0 5 8 . 8 
1 2 0 5 . 9  
6 1 3 . 8  
6 1 3 . 8 
6 1 3 . 8 
6 1 3 . 8  
6 1 8 . 4 
6 9 6 . o 
7 6 1 . 5  
8 6 1 . 6  
9 9 5 . 9  
1 1 3 9 . 8  
1 1 5 7 . 9 
1 1 5 7 . 9 
1 1 5 7 . 9  
1 1 5 7 . 9 
1 1 5 7 . 9  
1 1 5 7 . 9  
I 
9 0 6 . 6  
1 o o s . 2  
1 6 1 5 . 9  
1 3 1 7 . 4 
1 2 8 8 . 8  
1 5 9 8 . 1 
1 5 5 3 . 4  
1 5 5 6 . 4  
1 7 74 . 5  
1 7 5 0 . 1  
1 6 7 1 • J.. 
1 9 2 8 . 1  
1 4 2 0 . 6  
1 40 3 . 7  
1 5 8 8 . 0  
1 5 2 6 . 2  
1 8 0 2 . 2  
1 7 3 4 . 9  
1 8 7 1 . o 
2 1 3 5 . 6  
2 0 4 3 . 3  
2 2 1 6 . 2  
2 0 8 0 . l  
2 9 0 1 . 4 
2 8 3 5 . 6  
1 8 3 9 . 8  
2 0 5 1 . 6 
1 9 52 . 6  
2 1 4 1 . 4  
2 4 1 2 . 8  
2 2 9 1 . 1  
2 5 9 8 . 9  
2 4 9 9 . 2  
3 3 9 2 . 3  
2 2 0 4 . 5  
2 3 6 3 . 4  
2 2 1 8 . 8  
2 49 5 . 8  
2 7 5 1 . 8  
j 
2 . 9 9  
3 . 0 1  
3 . 0 4 
3 . 0 9 
3 . 0 5 
2 . 9 1  
2 . 8 5 
z . s o 
2 . 7 5 
2 e t> 8 
2 . 5 9 
2 . 4 8  
3 • 5 8  · 
3 . 4 7  
3 . 4 7  
3 . 3 9  
3 . 2 0  
3 . 1 1  
3 . Q 3 
2 . 9 6  
2 . 8 7 
2 . 76 
2 . 6 3 
4 . Q 5 
3 . 9 7  
3 e 8 l  
3 . 5 6 
3 . 4 2  
3 . 3 1 
3 . 2 1  
3 . 09 
2 . 9 6  
2 . 8 1  
4 . 6 3 
4 . 3 6 
4 . o o  
3 . 8 0 
3 . 6 4 
3 . 5 0 
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T AB L E  2 9 . ( CO N T I N U E D ) 
G H I j 
M A Y  1 7  T O OC T O B E R  3 1  · 1 1 5 7 . 9 2 5 8 0 . 2  3 . 3 5  
M A Y  1 7  T O  NOV E M B E R  1 4  1 2 2 8 . 2 2 9 1 7 . 7 3 . 1 8 
M A Y  1 7  T O NOV E M B E R  2 9  1 3 6 4 . 9 2 7 8 0 . 6 3 . 0 1  
MA Y 3 1  T O AU G U S T  2 2  1 9 1 1 . 1 2 4 5 7 . 7 5 . Q 8  
M A Y  3 1  T O  S E P T E MB E R  5 1 9 1 1 . 1 2 7 64 . 2  4 . 5 8 
M A Y  3 1  TO  S E P T EM B E R  1 9  1 9 1 1 . 1 2 6 0 8 . 4  4 . 2 7  
MA Y 3 1  T O OC TOBE R 3 1 9 1 1 . 1 2 9 49 . 0 4 e 0 4  
M A Y  3 1  T O  OC T O B E R  1 7  1 9 1 1 . 1 3 1 9 4 . 1 3 . 8 6 
M A Y  3 1  T O OC T O B E R  3 1 1 9 1 1 . 1 2 9 2 1 . 9  3 . 6 6 
M A Y  3 1  T O NO V E M B E R  1 4  1 9 1 1 . 1 3 2 9 3 . 3 3 . 4 5 
MA Y 3 1  T O  NOV E M B E R  2 9  1 9 1 1 . 1 3 1 0 5 . 3 3 . 2 4  
J U N E  1 4  T O  S E P T E M B E R 5 2 5 1 4 . 8 3 3 8 6 . 2 5 . 3 4 
J U N E  1 4  T O  S E P T E M B E R  1 9  2 5 1 4 . 8 3 2 0 7 . 2 4 . 8 8 .  
J U N E  1 4  T O  OC TOB E R  3 2 5 1 4 . 8 3 5 1 5 . 6  4 . 5 5  
J U N E  1 4  T O  OC T OB E R  1 7  2 5 1 4 . 8 3 7 3 4 . 6 4 . 2 8  
J U N E  1 4  T O  OC T O B E R  3 1  2 5 1 4 . 8 3 3 3 1 . 9  4 . 0 2 
J U N E  1 4  T O  NOV EM B E R  1 4 2 5 1 4 . 8 3 7 7 6 . 8 3 . 76 
J UN E  1 4  T O  N O V E MB E R  2 9  2 5 1 4 . 8 3 4 8 4 . 0 3 . 5 1  
J U N E  2 8  T O  S E P T E M B E R 1 9  3 0 1 3 . 7 3 6 8 7 . 2 5 . 70 
J U N E  2 8  T O  OC TOB E R  3 3 0 1 3 . 7 3 9 9 5 . 5  5 . 2 0 
J U N E  2 8  T O  OC T O B E R  1 7 3 0 1 3 . 7 4 2 1 4 . 6 4 . 8 2 
J U N E  2 8  T O  OC TOB E R  3 1  3 0 1 3 . 7 3 8 3 3 . 0 4 . 4 7 
J U N E  2 8  T O  NOVEMB E R  1 4  3 0 1 3 . 7 4 2 5 6 . 8 4 • 1 4  
J U N E  2 8  T O  NOVEM B E R  2 9  3 0 1 3 . 7 3 9 3 1 . 7 3 . 8 3 
J U L Y 1 2  T O  OC TOBE R 3 3 4 0 6 . 3 4 1 3 8 . 9 6 e 0 7  
J U L Y  1 2  T O  OC T O B E R 1 7  3 4 0 6 . 3 4 3 6 4 . 1 5 . 5 1  
J UL Y  1 2  T O  OC T O B E R  3 1  3 4 0 6 . 3 4 4 5 9 . 4  5 . 0 3 
J UL Y  1 2  T O  NOVEM B E R  1 4  3 4 0 6 . 3 4 5 3 7 . 3 4 - 6 0  
J UL Y  1 2  T O  NOVE MB E R  2 9 3 4 0 6 . 3 4 4 6 8 . 8  4 . 2 2  
J U L Y  2 6  T O  O C T OB E R  1 7 3 8 9 7 . 2 4 6 5 0 . 9 6 . 4 3  
J UL Y  2 6  T O  OC T O B E R  3 1  3 8 9 7 . 2 4 7 46 . l 5 . 7 5 
J U L Y 2 6  T O  NOV E MB E R  1 4  3 8 9 7 . 2 48 2 4 . 0 5 . 1 8 
J U L Y 2 6  T O  NOVEMB E R  2 9  3 8 9 7 . 2 4 7 5 5 . 6 4 . c, 8 
A UG U ST 9 T O  OC TOB E R  3 1  4 2 7 3 . 2 5 1 3 2 . 6  6 e 7 l  
A UG U S T  9 T O  NOVE M B E R  1 4  4 2 7 3 . 2 5 1 04 . 5 5 . 9 2  
A UG U S T  9 T O  N OV E M B E R  2 9  4 2 7 3 . 2 5 0 3 6 . 1 5 . 2 1 
A UG U S T  2 3  T O  NO V E M B E R  1 4  4 4 8 9 . 5 5 2 9 7 . 7 6 e 9 0 
A U G U S T  2 3 T O  N O V E MB E R  2 9  4 4 8 9 . 5 5 4 0 3 . 8  6 . 0 2 
S E P T E M B E R  6 T O  N O V E M B E R  2 9  4 7 9 0 . 5 5 44 7 . 5 1 . 0 3  
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T A B L E  3 0 • O E L R I C H S  - P R E C I P I I A I I O N ( 8 0 PC T P R OBA l:H L I  T Y ) 
A B C D E F 
1 . 9 6 1 . u u  . 9 6 . 1 9 1 1 9 . 9 3 
2 1 . 5 6 1 . 2 6 1 . 9 7  . 5 9 3 7 0 . 1 1  
3 1 . a 1 1 . 7 3  3 . 1 5  1 . 5 7 9 8 4 . 7 8 
4 1 . 5 7 3 . 1 0 4 . 9 0 3 . 0 6 1 9 0 7 . 8 7 
5 1 . 3 2  5 e u 6 6 . 7 v 4 . 1 6 2 5 9 7 . 7 2 
6 1 . 2 5  6 . 2 6 8 e u 4 5 . 2 7  3 2 8 6 . 9 7 
1 . 4 8 6 . 2 1  9 . 2 5  7 6 . 0 5  3 7 7 6 . 2 2 
8 1 . 4 1  7 . 1 9 1 "' . 1 5  6 . 8 7  4 2 8 2 . 74 
9 1 . 5 1  1 . 2 0  l 0 . 9 2  7 . 4 0 4 6 1 2 . 8 7 
1 0 1 . 4 9 1 . 1 0 1 1 . 5 2  7 . 9 7 4 9 6 8 . 7 0 
1 1 1 . 5 5 7 . 7 6 · 1 2 . 0 5 8 . 3 5  5 2 0 6 . 3 2 
1 2  1 . 6 0 7 . 8 7 1 2 . 6 3 8 . 7 9 5 4 8 0 . 8 7 
1 3 1 . 5 5 8 . 4 9 1 3 . 2 2  9 . 3 3  5 8 2 1 . 2 6 
1 4 1 . 5 6 8 . 7 5 1 3 . 7 2  9 . 7 7 6 v 9 v e 5 u 
1 5  1 . 6 0 8 . 8 8 1 4 . 2 5  l u . 1 7  6 3 4 1 . 8 0 
1 6 1 . 6 2  8 . 9 7  1 4 . 6 2 - l v e 44 6 5 v 9 e 5 7 
1 7  l e 6 l  9 . 1 7  1 4 . 7 9  1 0 . 6 0 6 6 1 1 . 7 8 
T A B L E  3 1 . O E L R I C H S  - S TO RA G E  ( 8 0 P E RC E N T  P ROBAB I L I T Y ) 
G 
A P R I L 5 T O  J U N E  2 7  
A P R I L 5 T O  J U L Y  1 1  
A P R I L  5 T O  J U L Y  2 5  
A P R I L  5 T O  AUG U S T  8 
A P R I L 5 TO  A UGUST  2 2  
A P R I L  5 T O  S E P T E MB E R  5 
A P R I L 5 T O  S E P T EM B E R  1 9  
A P R I L 5 T O  OC T O B E R  3 
A PR I L 5 T O  OC T O B E R  1 7  
A P R I L 5 T O  OC T O B E R  3 1  
A PR I L  5 T O  NOV E MB E R  1 4  
A P R I L  5 T O  NOV E M B E R  2 9  
A P R I L  1 9  T O  J U L Y  1 1  
A P R I L  1 9  T O  J U L Y  2 5  
A P R I L 1 9  T O  AUGUS T 8 
A P R I L  1 9  T O  A UGUS T 2 2  
A P R I L  1 9  T O  S E P T EM B E R  5 
A PR I L  1 9  T O  S E P T EM B E R  1 9  
A PR I L  1 9  T O  OC TOB E R  3 
A PR I L  1 9  T O  O C T OB E R  1 7  
A P R I L  1 9  T O  OC TOB E R  3 1  
A PR I L  1 9  T O  NOV E M B E �  .1 4 
A PR I L 1 9  T O  N OV E M B E R  2 9  
MA Y 3 T O  J U L Y  2 5  
M A Y  3 T O  AUGUS T 8 
M A Y  3 T O  AUGU S T  2 2  
M A Y  3 T O  S E P T E MB E R  5 
M A Y  3 T O  S E P T E M B E R  1 9  
M A Y  3 T O  OC T O B E R  3 
M A Y 3 T O  OC T O B E R  1 7 
M A Y 3 T O  O C T O B E R  3 1  
M A Y  3 T O  NOVE M B E R  1 4  
M A Y  3 T O  NOV E M B E R  2 9  
M A Y 1 7  T O  AUG U S T  8 
M A Y  1 7  TO  A UGUS T  2 2  
M A Y 1 7  T O  S E P T E MB E R  5 
M A Y 1 7  T O  S E P T E M B E R  1 9  
M A Y  1 7  TO  OC T O B E R  3 
M A Y 1 7  T O  OC T O B E R  1 7  
H 
7 2 5 . 5  
7 0 8 . 8  
7 7 5 . 4  
8 6 6 . 6 
9 3 1 . 4  
1 0 72 . 8  
1 1 1 2 . 1 
1 2 2 5 . 8  
1 3 0 2 . 4  
1 3 7 5 . 9  
1 4 7 1 . 5  
1 5 7 9 . 0  
5 1 0 . 2  
5 9 7 . 9  
7 7 4 . 0  
8 9 6 . 6  
1 0 5 3 . 9  
1 1 6 5 . 7  
1 2 5 7 . 1 
1 3 7 3 . 3 
1 4 8 1 . 9  
1 6 1 5 . o  
1 7 6 0 . 1 
9 8 4 . 7 
9 8 4 . 7 
9 8 4 . 7 
9 8 4 . • 7 
1 0 9 4 . 6  
1 1 1 0 . 1 
1 2 5 6 . 8 
1 3 5 5 . 7  
1 4 9 2 . 9  
1 6 3 8 . Q  
1 9 0 7 . 8 
1 9 0 7 . 8 
1 9 0 7 . 8  
1 9 0 7 . 8  
1 9 0 7 . 8 
1 9 0 7 . 8 
I 
1 4 8 5 . 5 
1 3 47 . 7  
1 47 3 . 8  
1 3 5 0 . 2  
1 8 34 . 6  
1 a 1 1 . o  
1 5 5 1 . 7  
1 3 4 2 . 7  
1· 4 3 0  • 0 
1 4 1 7 . 6  
1 3 0 1 . 8  
1 6 6 2 . 6  
2 0 3 2 . 1  
2 1 1 4 . 5  
2 3 7 9 . 3  
2 5 5 4 . 8 
2 5 2 3 . 4 
2 6 3 9 . 4  
2 6 1 3 . 1 
2 3 e 3 . 4  
2 3 4 7 . 9  
2 2 2 8 . 9  
3 0 4 3 . ]  
2 0 7 6 . Q  
1 9 7 6 . 9  
2 2 7 2 . 4 
2 4 5 6 . 0  
2 7 5 8 . 6  
2 8 9 4 . 1 
3 2 5 0 . 0  
3 1 6 8 . 7  
3 4 2 7 . 9  
3 3 4 6 . 4  
2 3 0 6 . 4  
2 6 2 7 . 3  
2 8 1 7 . 6  
3 1 2 4 . o  
3 2 6 4 . 5  
3 6 1 9 . 1 
J 
3 . 9 1  
3 . 8 5 
3 . 8 2 
3 . 6 6 
3 . 5 4 
3 . 3 8 
3 . 2 6 
3 . 1 9 
3 . 1 0  
3 . Q l  
2 . 9 0 
2 . 1 1  
4 . 4 9 
4 . 3 7 
4 . 1 1  
3 . 9 4 
3 . 7 1 
3 . 5 5 
3 e 4 6 
3 . 3 4 
3 . 2 3  
3 . 0 9  
2 . 9 5  
5 e 0 9 
4 . 7 0 
4 . 4 3 
4 .  1 3  
3 . 9 1 
3 e 7 8 
3 . 6 2 
3 e 4 8 
3 . 3 2 
3 . 1 4 
5 . 49 
5 . 0 7  
4 e 64 
4 . 3 4 
4 . 1 5  
3 . 9 5  
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T AB L E  3 1 .  ( C ON T I N U E D ) 
G H I J 
M A Y  1 7  T O  OC T O B E R  3 1  1 9 0 7 . 8 3 5 3 4 . 6 3 . 77 
M A Y  1 7  T O  NOV E M B E R  1 4  1 9 0 7 . 8 3 7 8 5 . 6  3 . 5 7 
M A Y  1 7  T O  NOV E MB E R  2 9  1 9 2 1 . 3 3 6 9 2 . 7 3 . 3 7 
M A Y  3 1  T O  AUG U S T  2 2  2 5 9 7 . 7 3 1 0 0 . 5 5 . 9 1  
M A Y  3 1  T O  S E P T EM B E R  5 2 5 9 7 . 7 3 2 8 2 . 4  5 . 3 1  
M A Y 3 1  T O  SEP T EM B E R  1 9  2 5 9 7 . 7 3 5 8 0 . 8 4 . 8 9  
M A Y  3 1  T O  OC T O B E R  3 2 5 9 7 . 7 3 7 1 7 . 3  4 e o 2 
M A Y  3 1  T O  OC T O B E R 1 7  2 5 9 7 . 7 4 0 6 2 . 0 4 . 3 5  
M A Y  3 1  T O  OC T O B E R 3 1  2 5 9 7 . 7 3 9 6 7 . 0 4 . 1 1  
M A Y  3 1  T O  NOV E M B E R  1 4  2 5 9 7 . 7 4 2 0 2 . 9  3 . 8 7 
M A Y  3 1  T O  NOV E M B E R  2 9  2 5 9 7 . 7 40 9 2 • 3  3 • 6 3  
J UN E  1 4  T O  S E P T E MB E R  5 3 2 8 6 . 9 3 9 0 2 . 2  6 . 1 9 .  
J U NE  1 4  T O  S E P T E MB E R  1 9  3 2 8 6 . 9 4 1 6 8 . 0  5 . 5 9 
J U N E  1 4  T O  OC T O B E R 3 3 2 8 6. 9 4 2 8 3 . 2  5 . 1 9  
J U NE 1 4  T O OC TO B E R 1 7  3 2 8 6 . 9 46 0 3 . 4  4 . 8 3  
J U NE  1 4  T O  OC T O B E R  3 1  3 2 8 6 . 9 4 4 8 5 . 8  4 . 5 2  
J U NE  1 4  T O  N O V E M B E R  1 4  3 2 8 6 . 9 46 9 6 . 0 4 . 2 2 
J U N E  1 4  T O  NOV E MB E R  2 9  3 2 8 6 . 9 4 5 5 8 . 5  3 . 9 3 
J U N E  2 8  T O  S E P T E MB E R  1 9  3 7 76. 2 49 5 1 . o  6 e 5 2 
J U N E  2 8  T O  OC T O B E R  3 3 7 7 6 . 2 5 0 1 0 . 9 5 . 9 4 
J U N E  2 8  T O  OC T O B E R  1 7  3 7 7 6 . 2 5 2 8 0 . 1 5 . 4 3 
J U N E  2 8  T O  OC TO B E R  3 1  3 7 7 6 . 2 5 2 3 2 . 2  5 . Q 3  
J U N E  2 8  T O  NOV E M B E R .. 1 4  3 7 7 6 . 2 5 3 9 3 . 8 4 . 64 
J U N E  2 8  T O  NOV E M B E R  2 9  3 7 7 6 . 2 5 1 0 9 . 5 4 . 2 9  
J U L Y  1 2  T O  OC TO B E R  3 4 2 8 2 . 7 5 0 1 0 . 9  6 . 9 3 
J U L Y  1 2  T O  OC T O B E R  1 7  4 2 8 2 . 7 5 2 8 0 . 1 6 . 2 1  
J UL Y  1 2  T O  OC TO B E R  3 1  4 2 8 2 . 7 5 2 44. 7 5 . 6 6 
J U L Y  1 2  T O  NOVEM B E R  1 4  4 2 8 2 . 7 5 4 0 6 . 2 5 . 1 6  
J U L Y  1 2  T O  NOVE M B E R  2 9  4 2 8 2 . 7 5 5 0 8 . 4  4 . 7 2  
J UL Y  2 6  T O  OC TO B E R  1 7  4 6 1 2 . 8 5 4 5 4 . 6 7 . 2 5  
J U L Y  2 6  T O  OC T O B E R  3 1  4 6 1 2 . 8 5 40 0 . 5  6 e 4 7 
J U L Y  2 6  T O  NOVE M B E R  1 4  4 6 1 2 . 8 5 5 1 8 . 4  5 . 8 1  
J U L Y  2 6  T O  NOV E MB E R  2 9  4 6 1 2 . 8 5 6 0 1 . 9  5 . 2 4 
A UGU S T  9 T O  OC T O B E R 3 1  4 9 6 8 . 7 6 1 8 5 . 9  7 . 5 4 
A UG U S T  9 T O  NOV E M B E R  1 4  4 9 6 8 . 7 6 2 1 0 . 3  6 . 6 4 
A U GU S T  9 T O  NOV EMB E R  2 9  4 9 6 8 . 7 6 1 6 2 . 9  5 . 9 0 
A U GU S T  2 3  T O  NOV E M B E R  1 4  5 2 0 6 . 3 6 3 2 8 . 7  7 . 7 4 
A U GU S T  2 3  T O  NOV E M B E R  2 9  5 2 06 . 3 6 2 8 1 . 4  6 . 7 4  
S E P T E MB E R  6 TO NOV E M B E R  2 9 5 4 8 0 . 8 6 3 8 1 . 1 1 . a 1 
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APPLICATION OF DESIGN CRITERIA 
As an example of the use of the results obtained in this 
investigation, assume a water supply to be designed for 50 head o.f 
cattle 1n the Cottonwood area where the cattle are to be gra:zed and 
watered from approximatel1 April 19 until September 19. It is desired 
that the catchment system be a dependable s�urce of water eight years 
out of ten. 
From oolwnn J of Table 11. for a grazing season from April 19 
to September 19 a xigure of 3. 22 animals per 1000 square feet of catch­
ment area is obtained., Therefore we need 50/3. 22 (15.5) thou.sand 
.square feet of runoff area. 
The amount of storage neceesary tor a dependable water supply 
eight years out of ten for a grazing season from April 19 to September 
19 is found in column I of Table ll. The figure obtained is 1639.7 
gallons of storage per 1000 square feet of catchment area. Therefore , 
a total of 15.5  x 1639 .7 ( 25,415) gallons of storage is needed.  
If  the desired system dependability is  only 8o percent of any 
one year, the storage figure is found in column H of T ble 11. The 
storage needed in this case would be 15.5 x 842.8 (13 ,o63) gallons. 
Should this system be used for another purpose which required 
a daily water consumption of some figure other than ten gallons, for 
instance two gallons per day, one of two methods of conversion u.ay be 
used. A grazing rate of five times the original or 5 x 3 . 22 (16. 1)  
animals per 1000 square feet of catchment area my be used with the 
same storage volume or the original grazing rate may be maintained and 
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the storage decre sed to one-fifth of the original. This would result 
in 25 ,415/5 (5 ,o83) gallons for eight out of ten year dependability or 
13 ,063/5 (2 ,612) gallons for a dependable water supply 8o p$roen_t of 
any one year. No allowances were ma.de for a safety factor. 
It should be noted that the grazing rates resulting from this 
study make full use of all the ve.ilable water accumulated up to the 
end or the grazing season under oonsiderati-on., This means that the 
storage tank will be empty at the end of the grazi� season a.n.d that 
11 the water that was available f'rcom April 5 (the - assumed date fer the 
beginning of water collection) until the end of the se son was con� _ 
au.med , regardless of when the actual grazing season began. Therefore , 
for the example stated above , all the water that was collected from 
April 5 until September 19 was used oy the livestock even though the 
grazing season didn ' t  start until April 19. 
Any water which may be collected between the end of the grazing 
season of one year and April 5 of the following year would be available 
as a supplement should dry year occur which would not produce the 
required volume. This , in effect , would increase the dependability- of 
the system. It must also be considered that the precipitation amounts 
which were calculated in this study are minimums. This could also mean 
that the dependability of the system may increase should a particularly 
wet year occur ; thus , the storage would not be completely depleted at 
the end of the grazing season. 'This would leave a reserve for the 
following year in addition to the water which may be collected between 
the grazing seasons. 
CO�CLUSIONS 
The data obtained in this investigation offers design criteria 
for the construction of a depend ble water source for livestock under 
the climati.c conditions of western South Dako,t • Any general rule 
which states that a c-onstant amount of preeip:ttatio-n may be expected 
per unit time throughout the grazing season � reBUlt in gross errors 
in catchment ud storage· ai�es due to th:e actual variations which occur 
with time and 'between stations. An individual analysis of each partie­
ular situation will result in the most dependable and ec·onomi.cal 
design. 
The results of thi.s investigation are based upon several 
assumptions and oriented toward 'beef eattle under graztng conditions. 
Should reason be given to alter any of the assumptions or should design 
be for some other use , the eomputat:Lons may be changed accordingly •. 
The computer programs developed. may ee used to, ·determine criteria for 
any level of water supply dependability that is desired and for any 
loeation which has adequate weather records av ilable. 
It appears that this system can prove to be a dependable and 
sound source of water to as-sist in relieving the water supply problem 
for livestock and y eventually be expanded into the area of humn 
use. 
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APPENDICES 
Appendix A.  Definition of Terms 
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Definition of Terms 
ex. - shape parameter for the Gamma distribution 
f3 - sc le parameter for the Gamma distribution 
e = 2.71828 the naperian logarithmic constant 
f(X ) - probability density function or frequency function 
f(X - x
0
) - frequency function 
g - same as a 
!fa) - gamma function of « for the Gamma d.i$tribution 
i - 1, 2, • • •  , n the number referring to the i-th sample 
member 
L - likelihood function of a random sample 
ln - the natural logarithm 
p - the parameter - population mean 
n - the sample size 
�(X) - a function of the independent variable X 
�T - PERCENT 
� - 3. 14159 the familiar numerical constant 
er - the parameter - population s.tandard deviation 
e - any parameter to be estimated 
e - an estimate of a parameter 
X - the random variable representing observed data 
Xm - distance from origin to the mode of a distribution 
x0 - lower boundary 0£ the random variable X 
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Appendix B.  Program #1 Rainfall Accumulation 
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P ROGRAM  1 R A I N F A L L A C C U M U L A T I ON 
1 FORM A i l 6 X , F6 . u , 2 A , F 4 . u ) 
4 FORMA i \ 5 A , F 8 . u , 2 8 A , F 6 . v , 5 A , F l l . 2 , 5 A , F l l . 2 ) 
D I  M E N S I ON  P R E C M  ( 1 7 ) , OM  t 1 7 ) , PM  t l 7 )  , v M  i 1 7 ) , RM  ( 1 7 ) 
1 0 DO 2 I = 1 , 1 7 
2 R E AD 1 ,  DM ( I ) , PM l l )  
P R E CM ( l ) = P M ( l )  
VM C l ) = P R ECM ( l ) * 74 . 8 0 / 1 2 . 
RM l l ) = v M , l )  
P UN CH 4 ,  DM , l ) , P R E C M \ l ) , ·v M , l ) , R M , l )  
DO  3 I =  2 ,  1 7 
P R E C M C I ) = P R E CM l l - l ) + P M l I )  
VM ( l ) = P R E CM ( l ) * 7 4 . 8 0 / l 2 • 
RM ( l ) = VM ( I ) - V M l I - 1 )  
P U N C H  4 ,  DM ( I ) , P R E C M ( I ) , VM C I ) , R M ( I )  
3 CON T I N U E  
G O  , 0  l v  
E N D  
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Appendix C. Frogram #2 Gamma Distribution 
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P R OG R A M  2 G A MMA  D I S T R I S U T I ON 
2 F OR M A T  ( 7 X , I 4 , 3 1 X , F 4 . 2 , 3 3 X , I l )  
3 F O R M A T  ( I 3 , 3 X , F 6 . 2 , 4 X , F 7 . 2 , 5 X , F 7 . 2 , 4X , F 7 . 2 , 5 X , F 9 . 2 ) 
4 F O R M AT ( 1 3 )  
1 2  F O R M A T  ( 3 2 H  P U N C H  C ON T R O L  ON 1 I N  C O L UMN  8 0 ) 
2 2 F O R M A T  ( F 6 e 2 ) 
P R I N T 1 2  
7 CC = O . O  
S P R E C = O . O 
SLO GP = O . O  
RE A D  4 , P E R I O D 
9 R E A D  2 ,  I Z , P R E C , I D 
1 3  I F  ( I D - 1 ) 1 5 , 5 0 , 1 5 
1 5  P C E R = P R E C + 4 0 . o o 
1 4  I F  C PC E R-4 0 . 0 0 ) 2 0 , 9 , 2 0 
2 0 G P R E C = PC E R-40 . 0 0 
S P R E C = G P R EC + S P R E C  
P R E C L = LOGF ( G P R EC ) 
SLO G P = P R E C L+ S L OGP  
CC = C C+ l . O  
J Z = I Z  
GO T O  9 
5 0  A P R E C = S P R E C / C C 
A P R E L = L OGF C AP R E C ) 
A LOG P = S L OGP / CC 
AA= A P R l::. L-ALOG P  
A= l 2 . 0 * A A  
D= SQR T F ( 36 . + 4 . *A >  
D = SQR T F C 36 . +4 . *AA ) 
GAMM A = ( 6 . + D ) / ( 2 . * A > 
B E T A= A P R E C / GAMMA  
P R I N T  2 4 , G AMM A  
2 4 FOR M A T  { 7 H GA MMA= F 6 e 2 ) 
2 5  P R I N T  2 1  
2 1  FORM A T  ( 3 5 H  W H A T P R O BA B I L I T Y  V A L U E DO Y OU WAN T ) 
ACC E P T  2 2 , P l  
P R l = P l *b E T A 
Y l =P R 1 * 7 4 8 0 e / 1 2 .  
P U N C H  3 ,  P E R I O D , B E T A , G A MM A , A P R E C , P R l , Y l ) 
GO  T O  7 
E N D  
106 
lC/1 
Appendix D.  Thom ' s  Nomograph 
14 
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Figure IV. Thom ' s  Nomograph 
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Appendix E. Program #3 Storage (8o Percent Probability) 
PROG R A M  3 S T O R A G E ( 8 0 P E RC E N T  P R O BAB I L I T Y > 
1 0 0  FORM A T  ( 3 3 X , 1 8 X , F 9 . 2 ) 
1 0 2  FORM A T  ( 3 1 X , F 8 . l , 1 6 X , F 5 . 2 ) 
D I ME N S I ON VO L ( l 7 ) ,  R E Q DV < l 7 ) , S TOR ( l 7 )  
4 DO 5 I =  1 ,  1 7 
5 R E A D  1 0 0 , VOL < I )  
D O  7 0  M = l , 1 2 
N N N = M+ 5  
DO 7 0  N = NN N , 1 7 
GM =N - < M- 1 ) 
U S E R T = VOL C N ) / G M 
KKKK = G M  
D O  8 J J J = l , KK KK 
R I  =J  J J  
MMM = JJ J+ M  
8 R EQ D V ( MMM ) = R l * US E R T 
R E QD V ( M ) = O . O  
KK K = M+ l 
DO 6 I = KKK , N  
R E Q D V ( l ) = R EQ DV ( I ) 
6 S T OR C I ) = VOL ( l - 1 ) - R EQ DV ( l )  
I F  ( M- 1 ) 7 ,  7 ,  9 
7 S T OR ( M ) = o . o  
GO T O  1 1  
9 S T OR ( M ) = VOL ( M )  
GO T O  1 1  
1 1  D O  1 0  I = M , N  
I F C S T OR C I + l ) ) 1 0 , 1 2 , 1 2 
1 0  C ON T I N U E  
1 2  L = I - 1  
I F < L -M ) 3 4 , 1 3 , 1 3 
1 3  K = I 
DO  8 8  I = M , L 
J = l + l  
DO 3 3  I I = J , K  
I F (  C AB S F C S T OR ( I I > ) ) - ( A B S F < S TO R ( I ) > ) )  2 2 , 3 3 , 3 3 
2 2  C = S T OR ( I I >  
S TOR < I I > = S T OR ( I )  
S T OR C l ) = C 
3 3  C O N T I N U E  
8 8  CON T I N U E  
S T O l = A B S F ( S TO R ( K ) ) 
GO T O  4 3  
a 
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P R OGR A M  3 < CO N T I NU ED )  
3 4  K = I 
I F C K- M ) 8 0 , 8 0 , 3 6 
8 0  I F C S TOR < I ) )  3 6 , 8 1 , 8 1  
8 1  L L = N - 1 
DO  5 1  I I I =M , L L 
K K = I I I + l  
D O  5 0 J J JJ = K K , N 
I F ( S T OR ( J J J J ) - S TOR < I I l ) ) 8 2 , 5 0 , 5 0  
8 2  C = STOR ( JJ J J ) 
S T OR ( J J JJ ) =S TO R ( I I I ) 
S TOR C i l l ) = C  
5 0  CONT I N U E  
5 1  CON T I N U E  
S TOR E = S TOR ( N )  
GO  T O  6 7  
3 6  S T OR C K ) = A B S F ( ST OR C M ) > 
S T O l = S TOR ( K )  
GO  T O  4 3  
4 3  I F ( N - < I + l ) )  1 6 , 1 6 , 4 5  
4 5  L L  =N - 1 
K = K+ l 
DO 6 9  J = K , L L  
KK =J + l  
D O  6 6  MM = K K , N  
I F ( S TO R C MM ) - S T OR C J ) ) 4 4 , 6 6 , 66 
4 4  C = S TOR < M M ) 
S TOR ( MM ) = S T OR ( J )  
S TOR ( J ) = C 
6 6  CON T I N UE 
6 9  CON T I N U E  
S T 02 = S TOR < N >  
S T OR E = S T 0 l + S T 0 2  
GO T O  6 7  
1 6  S TOR E = S T O l 
GO T O  6 7  
6 7 R M =M - 1 
T N = N  
A N I M = VO L ( N ) / ( { T N- R M ) * l 4 • * 1 0 . ) 
P U N C H  1 0 2 , S TO R E , A N I M 
7 0  CON T I N U E  
GO T O  4 
E N D  
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Appendix F. Program #4 Storage (eight years out of ten ) 
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PROGRAM 4 S TORAGE  ( 8  Y E A R S  OU T OF  1 0 ) 
D I M E N S I ON VO L ( 1 7 } , S L O P E ( l 8 ) , MDR Y < l 7 ) , MP ER ( l 8 )  
D I M E N S I ON L Y DR Y C 1 8 ) , S TOR ( 6 5 ) , SL ( l 7 ) , Q ( l 7 ) , M P < l 8 )  
D I M E N S I ON S T OR E C 7 8 ) , R E Q DV C 1 8 )  
1 FORM A T  ( 1 3 )  
2 FORMAT ( 3 3 X , 1 8 X , F 9 . 2 ) 
5 FORMAT  C 2 6 X , 2 6 X , F l l . 2 , 5 X , F l l . 2 )  
6 F ORM A T  ( 3 1 X , 1 1 X , F 9 . l )  
9 R E A D  1 ,  JJ 
DO 8 I I I I = l , 1 7 
8 R E AD 2 ,  R EQDV C I I I I )  
I I =  1 
DO 4 0  J J J..J= l , 7 8  
STOR E ( J J JJ > = O . O  
4 0  CON T I N U E  
JJ JJ = O  
DO 6 7  L L L = l , J J  
I I = I l + l 
1 0  DO 1 8  I = l , 1 7 
1 8  R E A D  5 ,  VOL ( I )  , S L ( I )  
DO 6 6  M = l , 1 2 
MMM= M+ 5  
DO 6 6  N = MMM , 1 7 
MDR Y ( l ) = 0 
L Y D R Y < l ) = O 
J = l  
K = l 
L = 2  
JJ J = 2  
JJJJ = J J JJ + l  
I F ( 7 8- J J J J ) 9 6 , 9 5 , 9 5  
9 6  JJJJ = l 
GO T O  9 5  
9 5  I F C VOL { N ) -R E Q D V < N > > 66 , 2 1 , 2 1  
2 1  DO 1 7 I = M , N 
GM =N- < M- 1 ) 
US E R T = R EQDV ( N ) / GM  
2 2  SLOP E ( I + l ) = S L ( I )  
SLOP E ( 1 ) = 5 0 0 0 . 00  
1 1  I F ( S L O P E ( l + l > - US E R T ) 1 3 , 1 2 , 1 2 
1 2  I F < I -M ) 1 7 , 1 7 , 1 1 2  
1 1 2 I F C S L O P E C I ) - USE R T ) 2 0 , 1 7 , 1 7 
2 0  MP E R < L > = MDR Y C J ) 
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P R OG R A M  4 ( CON T I NUED ) 
MP E R < l > = O 
MP C L ) = l - 1  
I F ( M P ER ( L ) -MP E R ( L - 1 ) )  1 4 , 1 4 , 1 5 
1 3  MDR Y ( J ) = MDR Y ( J ) + l  
GO  T O  1 6  
1 4  K = K+ l 
L YDR Y < K > =MP E R < L- 1 ) 
MP < K > = MP ( L - 1 )  
J = J+ l 
MDR Y ( J ) = O 
L = L + l 
GO  TO  2 3  
1 5  K = K+ l 
L Y DR Y ( K )  = MP E R  < l )  
MP ( K ) =MP < L >  
J = J+ l 
MDR Y ( J ) = O 
L = L+ l 
GO T O  2 3  
2 3  I F < L Y DR Y < K > -L Y DR Y C K- 1 ) ) 2 4 , 2 6 , 2 5 
2 6  NN = L YDR Y ( K )  
K K = M P ( K ) -NN  
N N N = MP ( K )  
I F C K K )  2 8 , 2 7 , 2 8 
2 7  Q ( JJ J ) = VOL C N N N >­
Q ( l ) = l • O 
GO T O  2 9  
2 8  Q C J J J ) = VOL ( NN N ) -V O L ( K K ) 
Q ( l ) = l • O 
2 9  I F C Q ( J J J ) -Q ( J JJ - 1 ) )  9 0 , 90 , 9 1 -
9 0  J J J = JJ J+ l 
L Y D R Y ( K ) = N N  
G O  T O  2 4  
9 1  J J J = JJ J+ l 
L Y D R Y ( K ) = NN  
GO  T O  2 5  
2 4  LDR Y P = L YDRY ( K- 1 ) 
MM = M P ( K- 1 ) 
GO  T O  1 7  
2 5  LDRY P = L Y DR Y C K )  
MM =M P ( K )  
GO T O  1 7  
115 
P R OG R AM 4 ( CON T I N U E D > .  
1 6  I F ( l - N )  1 7 , 1 9 , 1 7 
1 9  I = N+ l 
GO T O  2 0  
1 7  CO N T I N U E  
L L =MM- L DR YP  
D R Y P = L D R Y P  
I F ( L L )  9 3 , 9 2 , 9 3  
9 2  S T OR ( l l + l ) = C D RYP* U S E R T ) -VOL < MM ) 
GO T O  94 
9 3  S T OR ( I l + l ) = VO L ( L L ) + ( DR Y P * U S E R T ) -VOL ( MM ) 
9 4  S T OR ( U = 0 .  
I F ( S TOR C I I + l ) -S TOR E < J J J J ) > 6 3 , 6 4 , 6 4 
6 3  S T OR E C J J JJ ) = S TO R E ( J J J J ) 
S T OR ( l l + l ) = S TO R C I I >  
GO T O  6 6  
6 4  S T OR E ( J J J J ) = S T OR { I I + l ) 
GO T O  6 6  
6 6  CON T I NU E  
6 7  CON T I NU E  
D O  5 0  J JJ J = l , 7 8  
5 0  PUNCH  6 ,  S TORE < JJ J J > 
GO T O  9 
END  
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Figure VI . Graphical Solution of  Program #4 
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